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The present invention is based on the purification and sequencing of isozymes of plasma hyaluronidase (pHAse) found in urine. 
Specifically, urine contains two hyaluronidases (HAses): 1) a 57 kDa HAse that is apparently the same as the 57 kDa HAse found in 
plasma; and 2) a 45 kDa HAse, which is found in urine but not plasma. The smaller urine isozyme is composed of two disulfide-1 inked 
polypeptides produced by endoproteolytic cleavage of the 57 kDa isoform. The present invention thus features a urinary hyaluronidase 
(uHAse) polypeptide and nucleotide sequences encoding a Chain A polypeptide and a Chain B polypeptide, the two polypeptides of which 
uHAse is composed. In a particular aspect, the uHAse is a human uHAse (huHAse), preferably a huHAse composed of the Chain A and B 
polypeptides having SEQ ID NOS:2 and 4, respectively. In related aspects the invention features polynucleotide sequence encoding Chain 
A and Chain B polypeptides, preferably having the sequences of SEQ ID NOS:l and 3, respectively. In addition, the invention features 
polynucleotide sequences that hybridize under stringent conditions to SEQ ID NOS:l and 3. In related aspects the invention features 
expression vectors and host cells comprising polynucleotides that encode uHAse polypeptide Chains A and B. The present invention also 
features antibodies that bind specifically to uHAse, and methods for producing uHAse. 
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PURIFICATION AND MICROSEQUENCING OF HYALURONIDASE ISOZYMES 

t i 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH 

5 This invention was made with government support under grant nos. CA44768, 

CA58207, and GM46765, awarded by the National Institutes of Health. The government 
may have certain rights in this invention. 

FIELD OF THE INVENTION 

10 This invention relates generally to the field of P-l,4-endoglycosidases, particularly 

hyaluronidases. 

BACKGROUND OF THE INVENTION 

Hyaluronidases (HAses; E.C. 3.1.25) are a group of neutral- and acid-active enzymes 

15 found throughout the animal kingdom in diverse organisms. Hyaluronidases degrade 

hyaluronan (HA; also known as hyaluronic acid) and, to a lesser extent, chondroitin sulfates 
(for a review, see Kreil et al. 1995 Protein Sci. 4:1666-9). Vertebrate hyaluronidases are 
separated into two general classes: 1) the neutral hyaluronidases, such as the predominantly 
sperm-associated protein PH20 (Liu et al. 1996 Proc. Natl. Acad. Sci. USA 22:7832-7; 

20 Primakoff et al. 1985 ./. Cell Biol. 101:2239-44; Lin et al. 1993 Proa Nail. Acad Sci. USA 
22:10071-5); and 2) the acid-active hyaluronidases, which have a distinct pH optimum 
between pH 3.5 to 4.0 and have been described in extracts of liver (Fiszer-Szafarz et al. 
1 995 Acta Biochim Pol. 42:3 1-3), kidney (Komender et al. 1 973 Bull. Acad Pol. Sci. (Biol] 
21:637-41), lung (Thet et al. 1983 Biochem. Biophys. Res. Commun. JJLZ:71-7), brain 

25 (Margolis et al. 1972 J. Neutrochem. 12:2325-32), skin (Cashman et al. 1969 Arch. 
Biochem. Biophys. 135:387-95), placenta, macrophages, fibroblasts (Lien et al. 1990 
Biochim Biophys. Acta 1034 :318-25; Ruggiero et al. 1987 J. Dent. Res. 66:1283-7), and 
human plasma (De Salegui et al. 1967 Arch. Biochem. Biophys. 120:60-67). 

Human urine exhibits a high specific hyaluronidase activity (approximately 100-fold 

30 that of human plasma HAse activity) (Fiszer-Szafarz et al. supra; Dicker et al. 1966 J 
Physiol (Lond) 186:110-120; Cobbin et al. 1 962 J Physiol (Lond) 163:168-174). Urine 
hyaluronidase may play a role in the action of antidiuretic hormones by increasing the 
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permeability of the nephron walls, which have an ECM rich in HA (Cobbin et al. supra, 
Ginetzinsky et al. 1958 Nature 182:1218-1219). However, examination of this hypothesis 
and further characterization of the HAse activity of urine has proved elusive, mainly because 
the activity is present at such low concentrations. 
5 Hyaluronan, the main substrate for hyaluronidase, is a repeating disaccharide of 

[GlcNAcPl-4GlcUApi-3] n that exists in vivo as a high molecular weight linear 
polysaccharide. Degradation of hyaluronan by hyaluronidase is accomplished by either 
cleavage at p-N-acetyl-hexosamine-[l -4]-glycosidic bonds or cleavage at 
P-gluconorate-[l-3]-//-acetylglucosamine bonds. Hyaluronan is found in mammals 

10 predominantly in connective tissues, skin, cartilage, and in synovial fluid, and is also the 
main constituent of the vitreous of the eye. In connective tissue, the water of hydration 
associated with hyaluronan creates spaces between tissues, thus creating an environment 
conducive to cell movement and proliferation. Hyaluronan plays a key role in biological 
phenomena associated with cell motility including rapid development, regeneration, repair, 

15 embryogenesis, embryological development, wound healing, angiogenesis, and 

tumori genesis (Toole 1991 Cell Biol. Extracell Matrix, Hay (ed), Plenum Press, New York, 
1384-1386; Bertrand et al. 1992 Int J. Cancer 52:1 -6; Knudson et al, 1993 FASEB J. 
7:1233-1241). In addition, hyaluronan levels correlate with tumor aggressiveness 
(Ozello et al. 1960 Cancer Res. 22:600-604; Takeuchi et al. 1976, Cancer Res. 26:2133- 

20 2139; Kimata et al. 1983 Cancer Res. 42:1347-1354). 

Hyaluronidase is useful as a therapeutic in the treatment of diseases associated with 
excess hyaluronan and to enhance circulation of physiological fluids and/or therapeutic 
agents at the site of administration. For example, hyaluronidase has been used to reduce 
intraocular pressure in the eyes of glaucoma patients through degradation of hyaluronan 

25 within the vitreous humor (USPN 4,820,516, issued April 11, 1989). Hyaluronidase has 
also been used in cancer therapy as a "spreading agent" to enhance the activity of 
chemotherapeutics and/or the accessibility of tumors to chemotherapeutics (Schuller et al., 
1991, Proc. Amer. Assoc. Cancer Res. 32:173, abstract no. 1034; Czejka et al., 1990, 
Pharmazte 45:H.9) and has been used in combination with other chemotherapeutic agents in 

30 the treatment of a variety of cancers including urinary bladder cancer (Horn et al., 1 985, J. 
Surg. Oncol., 28:304-307), squamous cell carcinoma (Kohno et al., 94, J. Cancer Res 
Oncol., 120:293-297), breast cancer (Beckenlehner et a!., 1992, J. Cancer Res. Oncol. 
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118:591-596), and gastrointestinal cancer (Scheithauer et al., 1988, Anticancer Res. 8:391- 
► 

396). Administration of hyaluronidase also induces responsiveness of previously 
chemotherapy-resistant tumors of the pancreas, stomach, colon, ovaries, and breast 
(Baumgartner et al., 1988, Reg. Cancer Treat 1:55-58; Zanker et al., 1986, Proc. Amer. 
5 Assoc. Cancer Res. 27:390). When added extracelluarly, hyaluronidase prevents growth of 
tumors transplanted into mice (De Maeyer et al., 1992, InL J. Cancer 5 1 :657-660), inhibits 
tumor formation upon exposure to carcinogens (Pawlowski et al., 1979, Int. J. Cancer 
23 : 1 05- 1 09; Haberman et al., 1981, Proceedings of the 1 7 th Annual Meeting of the 
American Society of Clinical Oncology, Washington, D.C., 22:105, abstract no. 415, and is 

10 effective in the treatment of brain cancer (gliomas) when following intravenous or 

intramuscular injection (PCT published application no. WO88/02261, April 7, 1988). 

Hyaluronidase expression, and levels of hyaluron, have been associated with tumor 
development and progression. Levels of a secreted neutral hyaluronidase activity in 
carcinomas derived from ovary (Miura et al. 1995 Anal Biochem. 225:333-40), prostate 

15 (Lokeshwar et al. 1996 Cancer Res 56:651-7), brain, melanocyte, and colon (Liu et al. 1996 
Proc. Natl. Acad Sci. USA 23:7832-7837) are higher than in normal tissue. This secreted 
neutral hyaluronidase activity appears similar or identical to the neutral hyaluronidase 
activity of the sperm hyaluronidase PH20. In contrast to neutral activity, the acid active 
HAse activity is significantly decreased in metastatic carcinomas of the lung, breast, and 

20 colon (Northrup et al. 1973 Clin. Biochem. 6:220-8; Kolarova et al. 1970 Neoplasma 

17:641-8). Further, mice having an allele of the hyal-1 locus that is associated with lower 
levels of serum hyaluronidase activity exhibit faster rates of growth of transplanted tumors 
than mice having an hyal-1 allele that is associated with 3-fold higher hyaluronidase activity 
levels (Fiszer-Szafarz et al. 1989 Somat. Cell. Mol Genet 11:79-83; De Maeyer et al. 

25 supra). 

At present, the only hyaluronidase activity available for clinical use is a 

(K) 

hyaluronidase isolated from a testicular extract from cattle (WYDASE , Wyeth-Ayerst). 
The bovine extract is not optimum not only because of its non-human source, but also 
because the extract contains multiple types of hyaluronidases and other as yet undefined 
30 components. Recently we purified and cloned the major hyaluronidase activity of human 

plasma, which we termed HYAL1 (also known as hpHAse), and observed that the protein is 
homologous to PH-20, with 40% amino acid identity (Frost et al. 1997 Biochem Biophys 
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Res Comrmin 236: 1 0-15). Highest levels of expression of the HYAL 1 mRNA were found in 
liver and kidney. The production of monoclonal antibodies was essential for purification of 
sufficient enzyme for microsequencing. 

There is a clear need in the field for additional purified acid-active hyaluronidases 
5 that can be used in therapy and other applications. The present invention addresses this 
problem. 

SUMMARY OF THE INVENTION 

The present invention is based on the purification and sequencing of isozymes of 

10 plasma hyaluronidase (pHAse) found in urine. Specifically, urine contains two 

hyaluronidases (HAses): 1) a 57 kDa HAse that is apparently the same as the 57 kDa HAse 
found in plasma; and 2) a 45 kDa HAse, which is found in urine but not plasma. The 
smaller urine isozyme is composed of two disulfide-linked polypeptides produced by 
endoproteolytic cleavage of the 57kDa isoform. The present invention thus features a 

15 urinary hyaluronidase (uHAse) polypeptide and nucleotide sequences encoding a Chain A 
polypeptide and a Chain B polypeptide, the two polypeptides of which uHAse is composed. 
In a particular aspect, the uHAse is a human uHAse (huHAse), preferably a huHAse 
composed of the Chain A and B polypeptides having SEQ ID NOS:2 and 4, respectively. In 
related aspects the invention features polynucleotide sequence encoding Chain A and Chain 

20 B polypeptides, preferably having the sequences of SEQ ED NOS: 1 and 3, respectively. In 
addition, the invention features polynucleotide sequences that hybridize under stringent 
conditions to SEQ ID NOS:l and 3. In related aspects the invention features expression 
vectors and host cells comprising polynucleotides that encode uHAse polypeptide Chains A 
and B. The present invention also features antibodies that bind specifically to uHAse, and 

25 methods for producing uHAse. 

Yet another aspect of the invention relates to use of uHAse isozymes and specific 
antibodies thereto for the diagnosis and treatment of human disease. 

A primary object of the invention is to provide a purified hyaluronidase, huHAse, 
which can be used in a variety of clinical therapies including cancer therapy, particularly 

30 cancers associated with a defect in the tumor suppressor gene LuCa-1. 
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Another object of the invention is to provide purified uHAse and polynucleotides 
encoding the r polypeptides of uHAse for use in expression of uHAse (eg, in a recombinant 
host cell). 

An advantage of the present invention is that purified huHAse is more appropriate 
5 for therapeutic uses than the presently available commercial formulations of hyaluronidase 
which are from a non-human source, which contain two hyaluronidases (rather than one), 
and which, as determined by SDS-PAGE analysis, are very crude mixtures containing 
various proteins, including several unidentified proteins and proteins having various 
biological activities including anticoagulant activities (Doctor et al., Thrombosis Res. 
10 30:565-571). Purified huHAse provides a "clean" source of hyaluronidase, is less likely to 
induce some of the side effects associated with the presently available commercial 
formulation, and allows better control of the level of activity associated with specific 
dosages. 

These and other objects, advantages and features of the present invention will 
15 become apparent to those persons skilled in the art upon reading the details of the invention 
as more fully set forth below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a graph showing monoclonal antibody affinity chromatography of urinary 
20 hyaluronidase. Protein is represented by the solid line, scale on the left (Abs.280, DU=2.0). 
Hyaluronidase activity is represented by the shaded bar, scale on the right. Fractions 1-4 
contain the final 6 ml of urine passing through the column. Beginning at fraction 12 the 
column was washed with 2M NaCl, and at fraction 1 9 with Na acetate pH 4.5. All of the 
hyaluronidase eluted during the Na citrate pH 2.3 wash in fraction 28. 
25 Fig. 2 is a schematic showing the amino acid sequences of human plasma 

hyaluronidase (hpHAse, also known as HYAL1; SEQ ID NO:6), murine hyaluronidase 
(Hyall; SEQ ID NO:7), and the sites of endoproteolytic cleavage that lead to production of 
the Chain A and Chain B polypeptides (SEQ ID NOS:2 and 4) of urine HAse. The sequence 
of the intervening amino acid sequence deleted during huHAse production (SEQ ID NO:9), 
30 as well as the hpHAse signal sequence (SEQ ID NO:8), are also shown. 

Fig. 3 is a diagrammatic representation of the putative endoproteolytic processing of 
a plasma HAse to produce a uHAse. Unprocessed plasma HAse is shown in the upper 

-5- 
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(1 

panel. After endoproteolytic processing, two fragments are generated that produces two 
* « 

separate N-termini. The 25 amino acid fragment is presumably linked to the rest of the 
protein by disulfide bonds. The N-terminal amino acid sequence shown for reference are 
the common N-terminus of hpHAse and Chain A (SEQ ID NO: 13) and the N-terminus of 
5 Chain B (SEQ ID NO: 14). 

Fig. 4 is a graph showing the pH activity curve of urinary hyaluronidase using the 
microtiter assay. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

10 Before the present purified hyaluronidase and DNA encoding same are described, it 

is to be understood that this invention is not limited to the particular methodology, 
protocols, cell lines, vectors and reagents described as such may, of course, vary. It is also 
to be understood that the terminology used herein is for the purpose of describing particular 
embodiments only, and is not intended to limit the scope of the present invention which will 

1 5 be limited only by the appended claims. 

It must be noted that as used herein and in the appended claims, the singular forms 
V, "and", and "the" include plural referents unless the context clearly dictates otherwise. 
Thus, for example, reference to "a transformed cell containing DNA encoding a 
hyaluronidase" includes a plurality of such cells and reference to "the transformation vector" 

20 includes reference to one or more transformation vectors and equivalents thereof known to 
those skilled in the art, and so forth. 

Unless defined otherwise, all technical and scientific terms used herein have the 
same meaning as commonly understood to one of ordinary skill in the art to which this 
invention belongs. Although any methods, devices and materials similar or equivalent to 

25 those described herein can be used in the practice or testing of the invention, the preferred 
methods, devices and materials are now described. 

All publications mentioned herein are incorporated herein by reference for the 
purpose of describing and disclosing the cell lines, vectors, and methodologies which are 
described in the publications which might be used in connection with the presently described 

30 invention. 
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Definitions 

By "acid active hyaluronidase" or "aaHAse" is meant a hyaluronidase 
having P-l ,4-endoglycosidase activity in the cleavage of hyaluronan and a pH optimum of 
HAse activity at about pH 3.7. aaHAse as used herein encompasses human plasma 
5 hyaluronidase and human urinary hyaluronidase. 

By "human plasma hyaluronidase" and "hpHAse" is meant a hyaluronidase naturally 
found in human plasma and human urine and having the following characteristics: 

1) P-l,4-endoglycosidase activity in the cleavage of hyaluron; 2) a pH optimum of HAse 
activity at about pH 3.7; 3) a molecular weight of about 57 kDa as determined by 12.5% 

10 SDS-PAGE non-reducing gel electrophoresis; 4) a specific enzymatic activity of about 2 x 
10^ to 8 x 10^ turbidity reducing units (TRU)/mg protein following purification; 5) an 
isoelectric point, as determined by elution in chromatofocusing on Mono-P f.p.l.c, of pH 
6.5; 6) partitioning into the Triton X-l 14 detergent-rich phase upon temperature-induced 
detergent phase extraction; 7) a fatty acid post-translational modification (e.g., a lipid 

15 anchor) that is resistant to cleavage by phospholipase C, phospholipase D, and N- 

glycosidase-F; 8) at least two N-linked glycosylation sites; and 9) has the amino acid 
sequence: 

MAAHLLPICALFLTLLDMAQ 

FDVVANPGQTFRGPDMTDFYSSQLGTYPYYTPTGEPVFGGLPQNASL1AHLARTFQD 
20 ILAAIPAPDFSGLAVTOWEAWRPRW 

EAVAQDQFQGAARAWMAGTLQLGRALRPRGLWG 

PSGIRAQNDQLGWLWGQSRALYPSIYM^ 

AGDP^PVLPYVQIFYDTTNHFLPLDELEHSLGESAAQ 

SCQAIKEYMDTTLGPFILNVTSGAL 
25 QLTPGGGPLSLRGALSLEDQAQMAVEFKCRCYPGWQAPWCERKSMW (SEQ ID 

NO:6) 

where MAAHLLPICALFLTLLDMAQG (SEQ ID NO: 8) is a signal sequence cleaved 
during post-translational modification. 
30 By "urine hyaluronidase" or "uHAse" is meant a hyaluronidase naturally found in 

urine (but not present in significant or detectable amounts in plasma) and having the 
following characteristics: 1) P-l,4-endoglycosidase activity in the cleavage of hyaluron; 

2) a pH optimum of HAse activity at about pH 3.8; 3) a molecular weight of about 45 kDa 
as determined by gel zymography using 12.5% SDS-PAGE non-reducing gel 

35 electrophoresis; and 9) two disulfide-linked polypeptide chains (Chain A and Chain B). 

-7- 
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Where the uHAse is human uHAse (huHAse), Chain A polypeptide has the amino acid 
sequence of SEQ ID NO:2 and Chain B polypeptide has the amino acid sequence of SEQ ID 
NO:4. "uHAse" as used herein is meant to encompass uHAse having the amino acid 
sequence of naturally-occurring uHAse, as well as all naturally-occurring allelic variants and 
5 modified uHAse which contains amino acid substitution(s), deletion(s), and/or addition(s) 
and the like relative to the naturally-occurring amino acid sequence. Preferably, "uHAse" 
encompasses uHAse polypeptides that are biologically active (e.g., can bind anti-uHAse 
antibodies and/or exhibit hyaluronidase activity). Human uHAse is exemplary of a uHAse 
of the invention. 

10 By "Chain A polypeptide" is mean a polypeptide chain of uHAse which is of higher 

molecular weight relative to Chain B polypeptide of uHAse. "Chain A polypeptide" as used 
herein is meant to encompass uHAse Chain A polypeptides having the amino acid sequence 
of naturally-occurring uHAse Chain A polypeptide, as well as all naturally-occurring allelic 
variants and modified uHAse Chain A polypeptide which contains amino acid 

15 substitution(s), deletion(s), and/or addition(s) and the like relative to the naturally-occurring 
amino acid sequence. Preferably, "Chain A polypeptide" encompasses Chain A 
polypeptides that are biologically active (e.g., can bind anti-uHAse antibodies). Human 
Chain A polypeptide having the amino acid sequence of SEQ ID NO:2 is an exemplary 
uHAse Chain A polypeptide of the invention. 

20 By "Chain B polypeptide" is mean a polypeptide chain of uHAse which is of lower 

molecular weight relative to Chain A polypeptide of uHAse. "Chain B polypeptide" as used 
herein is meant to encompass uHAse Chain B polypeptides having the amino acid sequence 
of naturally-occurring uHAse Chain B polypeptide, as well as all naturally-occurring allelic 
variants and modified uHAse Chain B polypeptide which contains amino acid 

25 substitution(s), deletion(s), and/or addition(s) and the like relative to the naturally-occurring 
amino acid sequence. Preferably, "Chain B polypeptide" encompasses Chain B polypeptides 
that are biologically active (e.g., can bind anti-uHAse antibodies). Human Chain B 
polypeptide having the amino acid sequence of SEQ TD NO:4 is an exemplary uHAse Chain 
B polypeptide of the invention. 

30 By "native uHAse" is meant uHAse that is folded in its naturally-occurring 

configuration (i.e., uHAse is not denatured and is composed of linked Chain A and Chain B 
polypeptides). Where the native uHAse does not comprise the entire amino acid sequence of 

-8- 
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naturally-occurring uHAse, native uHAse polypeptides are those polypeptides that, when 
folded, mimic a three-dimensional epitope of native, full-length uHAse such that antibodies 
that bind native uHAse bind to the uHAse polypeptide. "Native uHAse" encompasses both 
uHAse naturally found in urine, as well as uHAse that is recombinantly produced (e.g., by 
5 expression in a mammalian cell). 

By "polypeptide" is meant any chain of amino acids, regardless of length or post- 
translational modification (e.g., glycosylation. phosphorylation, or fatty acid chain 
modification). 

By a "substantially pure polypeptide" is meant, for example, uHAse, Chain A 

10 polypeptide, or Chain B polypeptide that has been separated from components which 

naturally accompany it (e.g., a substantially pure uHAse polypeptide purified from human 
urine is substantially free of components normally associated with human urine). Typically, 
the polypeptide is substantially pure when it is at least 60%, by weight, free from the 
proteins and naturally-occurring organic molecules with which it is naturally associated. 

15 Preferably, the preparation is at least 75%, more preferably at least 90%, and most 
preferably at least 99%, by weight, uHAse polypeptide. A substantially pure uHAse 
polypeptide can be obtained, for example, by extraction from a natural source (e.g., 
mammalian plasma, preferably human plasma); by expression of a recombinant nucleic acid 
encoding uHAse polypeptide; or by chemically synthesizing the protein. Purity can be 

20 measured by any appropriate method, e.g., chromatography, polyacrylamide gel 
electrophoresis, or by HPLC analysis. 

A protein is substantially free of naturally associated components when it is 
separated from those contaminants which accompany it in its natural state. Thus, a protein 
which is chemically synthesized or produced in a cellular system different from the cell 

25 from which it naturally originates will be substantially free from its naturally associated 
components. Accordingly, substantially pure polypeptides include those derived from 
eukaryotic organisms but synthesized in E. coli or other prokaryotes. 

By "antibody" is meant an immunoglobulin protein that is capable of binding an 
antigen. Antibody as used herein is meant to include the entire antibody as well as any 

30 antibody fragments (e.g. F(ab')2> Fab', Fab, Fv) capable of binding the epitope, antigen or 
antigenic fragment of interest. Antibodies of the invention are immunoreactive or 
immunospecific for and therefore specifically and selectively bind to native uHAse 
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polypeptide. Anti-uHAse antibodies are preferably immunospecific (i.e., not substantially 
cross-reactive with related materials). Antibodies may be polyclonal or monoclonal, 
preferably monoclonal. 

By "purified antibody" is meant one that is sufficiently free of other proteins, 
5 carbohydrates, and lipids with which it is naturally associated. Such an antibody 
"preferentially binds" to an antigenic uHAse polypeptide, i.e., does not substantially 
recognize and bind to other antigenically-unrelated molecules. 

By "binds specifically" is meant high avidity and/or high affinity binding of an 
antibody to a specific polypeptide i.e., epitope of uHAse. Antibody binding to its epitope on 

10 this specific polypeptide is preferably stronger than binding of the same antibody to any 

other epitope, particularly those which may be present in molecules in association with, or in 
the same sample, as the specific polypeptide of interest e.g., binds more strongly to huHAse 
than to other components in human plasma. Antibodies that bind specifically to a 
polypeptide of interest may be capable of binding other polypeptides at a weak, yet 

15 detectable, level (e.g., 10% or less of the binding shown to the polypeptide of interest). 

Such weak binding, or background binding, is readily discernible from the specific antibody 
binding to the compound or polypeptide of interest, e.g. by use of appropriate controls. In 

general, antibodies of the invention which bind to native uHAse with a binding affinity of 

7 8 9 

10 liters/mole or more, preferably 10 1/mole or more, even more preferably 10 1/mole or 

20 more, are said to bind specifically to uHAse. In general, an antibody with a binding affinity 
4 

of 10 1/mole or less is not useful in that it will not bind an antigen at a detectable level 

using conventional methodology currently used. 

By "anti-native uHAse antibody" or "ami-uHAse antibody" is meant an antibody that 

specifically binds native (i.e., non-denatured) uHAse. Preferably, such antibodies can be 
25 used to immunopurify (e.g., by immunoprecipitation or immunoaffmity column 

chromatography) naturally-occurring uHAse from human plasma and/or recombinant 

huHAse expressed by, for example, mammalian cells. 

"Polynucleotide" as used herein refers to an oligonucleotide, nucleotide, and 

fragments or portions thereof, as well as to peptide nucleic acids (PNA), fragments, portions 
30 or antisense molecules thereof, and to DNA or RNA of genomic or synthetic origin which 

can be single- or double-stranded, and represent the sense or antisense strand. Similarly, 

"polypeptide" as used herein refers to an oligopeptide, peptide, or protein. Where 
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"polypeptide" is recited herein to refer to an amino acid sequence of a naturally-occurring 
protein molecule, "polypeptide" and like terms are not meant to limit the amino acid 
sequence to the complete, native amino acid sequence associated with the recited protein 
molecule. 

5 "uHAse polynucleotide" is meant to refer to any polynucleotide sequence encoding 

all or a portion of a uHAse and thus encompasses sequences encoding Chain A polypeptide, 
Chain B polypeptide, and both Chain A and Chain B polypeptides. Where the uHAse 
polynucleotide encodes both Chain A and Chain B polypeptides, the uHAse-encoding 
sequence may be substantially free of plasma HAse-encoding sequences that do not encode 
10 at least a portion of a uHAse (e.g., the uHAse-encoding sequence does not include 
nucleotide sequences encoding the portion of plasma HAse that is eliminated during 
endoproteolytic processing of plasma HAse to produce uHAse Chain A and Chain B 
polypeptides). 

By "antisense polynucleotide" is mean a polynucleotide having a nucleotide 

15 sequence complementary to a given polynucleotide sequence (e.g, a polynucleotide sequence 
encoding a capsaicin receptor) including polynucleotide sequences associated with the 
transcription or translation of the given polynucleotide sequence (e.g, a promoter of a 
polynucleotide encoding capsaicin receptor), where the antisense polynucleotide is capable 
of hybridizing to a capsaicin receptor polynucleotide sequence. Of particular interest are 

20 antisense polynucleotides capable of inhibiting transcription and/or translation of a capsaicin 
receptor polynucleotide either in vitro or in vivo. 

By "substantially identical" is meant a polypeptide or nucleic acid exhibiting at last 
50%, preferably 85%, more preferably 90%, and most preferably 95% homology to a 
reference amino acid or nucleic acid sequence. For polypeptides, the length of comparison 

25 sequences will generally be at least 16 amino acids, preferably at least 20 amino acids, more 
preferably at least 25 amino acids, and most preferably 35 amino acids. For nucleic acids, 
the length of comparison sequences will generally be at least 50 nucleotides, preferably at 
least 60 nucleotides, and most preferably 110 nucleotides. 

Sequence identity is typically measured using sequence analysis software (e.g., 

30 . Sequence Analysis Software Package of the Genetics Computer Group, University of 
Wisconsin Biotechnology Center, 1710 University Avenue, Madison, WI 53705). Such 
software matches similar sequences by assigning degrees of homology to various 
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substitutions, deletions, substitutions, and other modifications. Conservative substitutions 
typically include substitutions within the following groups: glycine alanine; valine, 
isoleucine, leucine; aspartic acid, glutamic acid, asparagine, glutamine; serine, threonine; 
lysine, arginine; and phenylalanine, tyrosine. 
5 The terms "treatment", "treating" and the like are used herein to generally mean 

obtaining a desired pharmacologic and/or physiologic effect. The effect may be 
prophylactic in terms of completely or partially preventing a disease or symptom thereof 
and/or may be therapeutic in terms of a partial or complete cure for a disease and/or adverse 
effect attributable to the disease. "Treatment" as used herein covers any treatment of a 

10 disease in a mammal, particularly a human, and includes: (a) preventing the disease (e.g., 
cancer) from occurring in a subject who may be predisposed to the disease but has not yet 
been diagnosed as having it; (b) inhibiting the disease, i.e., arresting its development; or (c) 
relieving the disease, i.e., causing regression of the disease. The invention is directed 
toward treatment of patients having or susceptible to cancer associated with a defect in HAse 

15 activity, e.g., cancer associated with a defect in the LuCa-1 gene, the gene that encodes 
hpHAse and huHAse. 

By "therapeutically effective amount of a substantially pure uHAse polypeptide" is 
meant an amount of a substantially pure uHAse polypeptide effective to facilitate a desired 
therapeutic effect. The precise desired therapeutic effect will vary according to the 

20 condition to be treated. For example, the desired degradation of hyaiuronan is the desired 
therapeutic effect where uHAse is administered to the subject in the treatment of a condition 
associated with excess hyaluron, undesirable cell motility (e.g., tumor cell metastasis), 
and/or to enhance circulation of physiological fluids at the site of administration and/or 
inhibit tumor growth or progression. Where uHAse is administered to treat a patient having 

25 or susceptible to cancer associated with a LuCa-1 defect, one desired therapeutic effects 

include, but are not necessarily limited to, an inhibition of tumor cell growth and a decrease 
in the tumor cell's threshold to apoptosis (i.e., increase the cell's sensitivity to triggers to 
programmed cell death). 

By "LuCa-1 defect" is meant a genetic defect in a cell at chromosome position 

30 3p.21 .3 associated with a decreased level of hpHAse activity relative to hpHAse activity 
levels in normal cells and/or associated with a decreased level of hpHAse activity in the 
serum or plasma of the affected patient (e.g., due to decreased expression of hpHAse or 
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expression of a defective hpHAse). For example, plasma from patients have a LuCa-1 
defect-associated lung cancer exhibits about 50% less hpHAse activity than plasma from 
normal patients (i.e., patients who do not have a LuCa-1 defect-associated cancer). Normal 
human plasma exhibits about 15 rTRU/mg hpHAse activity as determined using the HAse 
5 assay of Frost et al. (1997 Anal. Biochem. 251:263-9; see also U.S. Patent Application Serial 
No. 08/733,360, filed October 17, 1996. The hpHAse activity of plasma from LuCa-1 
defect-associated lung cancer patients is about 7.5 rTRU/mg. 

By "having or susceptible to a condition associated with a LuCa-1 defect" is meant to 
describe a patient having a heterozygous or homozygous defect at the LuCa-1 locus that is 
10 associated with decreased levels of hpHAse (e.g., serum hpHAse or urine hpHAse, 

preferably serum hpHAse) relative to hpHAse levels associated with normal patients (i.e., 
patients having no LuCa-1 defect that results in altered hpHAse levels). 

The invention will now be described in further detail. 



15 Purification of Hyaluronidase Isozymes from Urine 

Purification of uHAse from urine can be accomplished by either biochemical 
methods or through use of an anti-uHAse antibody (e.g., immunoprecipitation or 
immunoaffinity). Each of these methods is described in detail below. 



20 Biochemical uHAse Purification Method 

Acid active hyaluronidase activity such as that associated with uHAse can be 
significantiy enriched and/or purified using temperature-induced detergent phase extraction 
with a non-ionic detergent (e.g., Triton X-l 14). In general, a sample comprising or 
suspected of comprising uHAse is dissolved in a solution comprising a non-ionic detergent 

25 at low temperature (e.g., substantially below room temperature, preferably less than about 
15°C, more preferably about 4°C). The sample can be, for example, urine, preferably 
mammalian urine, more preferably human urine, or can be a sample containing a 
recombinant uHAse polypeptide. 

After the sample is dissolved, the temperature of the solution is raised to at least 

30 room temperature or above (preferably above about 25°C, more preferably about 37°C), 
thereby resulting in formation of detergent-rich and detergent-poor phases. The uHAse 
partitions into the detergent-rich phase. The detergent-rich phase can be further enriched for 
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uHAse by removal of the detergent-rich phase and repetition of temperature-induced 
detergent phase extraction. Repeating this temperature-induced detergent phase extraction 
three times results in at least about 10-fold, preferably at least about 20-fold, more 
preferably at least about 60-fold enrichment of uHAse activity relative to uHAse activity in 
5 the starting material. The uHAse activity of the detergent-rich phase can be further enriched 
and purified by, for example, cation exchange chromatography and/or hydroxylapatite resin. 

Generation and Identification of Anti-Native aaHAse Antibodies 

Antibodies that specifically bind uHAse can be generated according to the methods 

10 described in U.S. Application Serial No. 08/733,360, filed October 17, 1996, which 

application is incorporated herein by reference. Briefly, antibodies that bind uHAse can be 
generated by using uHAse, or another aaHAse that is antigenically similar to uHAse (e.g., 
another aaHAse such as hpHAse), as an antigen in the immunization of a mammal (e.g., 
mouse, rat, rabbit, goat); hybridoma cell lines are then produced according to methods well 

15 known and routine in the art (see, for example, Harlow and Lane, 1988, Antibodies: A 
Laboratory Manual. Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY; 
Schrier et aL, 1980, Hvbridoma Techniques, Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor, NY). The aaHAse used in the antigenic preparation can be purified from the 
source in which it naturally occurs (e.g., huHAse purified from human urine), recombinant 

20 aaHAse, biologically active (e.g., antigenic and/or enzymatically active) aaHAse 

polypeptides, native aaHAse, and/or denatured aaHAse polypeptides. Where the aaHAse is 
a recombinant aaHAse, the recombinant aaHAse can comprise the amino acid sequence of a 
naturally-occurring aaHAse, or can be modified relative to native aaHAse (e.g., by amino 
acid substitution, deletion, or addition (e.g., fusion protein)). Preferably, the antigenic 

25 preparation is native aaHAse (e.g., aaHAse purified from the source in which it naturally 
occurs or recombinant, full-length aaHAse). 

The antibodies secreted by the hybridoma cell lines are screened in the anti-native 
aaHAse antibody assay described in U.S. Application Serial No. 08/733,360, filed 
October 17, 1996, which application is incorporated herein by reference. In general, the 

30 assay involves an insoluble support (e.g., the surface of a well of a microtiter plate) to which 
is bound: 1) an anti-antibody; and 2) detectably labeled hyaluronic acid (HA). The anti- 
antibody is capable of binding antibodies produced by the aaHAse-immunized mammalian 
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host regardless of antigen specificity. For example, where the immunized host is a mouse, 
the anti-antibody is a goat anti-mouse antibody (/.e., an antibody from a goat immunized 
with mouse antibodies). Preferably, the anti-antibody binds an Fc portion of antibodies 
produced by the aaHAse-immunized mammalian host, and may specifically bind 
5 immunoglobulin classes or subclasses (e.g., specifically bind lgG or an lgG subclass such as 
IgG| or IgG 2 ). Preferably, the anti-antibody is covalently bound to the surface of the 
insoluble support. The detectably labeled HA is preferably biotinylated HA (bHA) in the 
above-described HAse assay, and is preferably covalently bound to the surface of the 
insoluble plate as described above. 

10 The anti-aaHAse antibody assay takes advantage of the fact that aaHAses do not bind 

their HA substrates under non-acidic conditions (i.e., under conditions in which the aaHAse 
is not enzymatically active). In general, the assay is performed by contacting the candidate 
antibody with a sample comprising native aaHAse to allow for formation of native 
aaHAse/antibody complexes. Preferably, this contacting step is performed at a non-acidic, 

15 preferably neutral, pH. The sample is then contacted under non-acidic (preferably neutral) 
conditions with the insoluble support having bound anti-antibody and detectably labeled HA 
to allow for formation of native aaHAse/antibody/anti-antibody complexes by binding of the 
anti-antibody to the candidate antibody. Preferably, excess or unbound material is washed 
away with a non-acidic (preferably neutral) solution. 

20 The wash buffer is replaced with an acidic solution having a pH that allows for 

enzymatic activity of the aaHAse. Preferably the acidic solution has a pH that approximates 
the optimum pH for HAse activity of the aaHAse. For example, where the aaHAse is 
uHAse, the acidic solution preferably has a pH of about 3.8; where the aaHAse is hpHAse, 
the acidic solution preferably has a pH of about 3.7. The sample is incubated with the 

25 insoluble support for a time sufficient for degradation of the detectably labeled HA by the 
immunoprecipitated aaHAse bound in the native aaHAse/antibody/anti-antibody complex, 
preferably about 60 min. The samples are then washed to remove degraded HA and 
undegraded HA is detected by virtue of its label. For example, where the detectable label is 
biotin, undegraded bHA is detected as described in the above-described HAse assay. 

30 Degradation of HA is correlated with the presence of aaHAse in the sample which in turn is 
correlated with the presence of an anti-native aaHAse antibody. The general characteristics 
of antibodies of the invention are described below. 
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Anti-uHAse antibody characteristic: Antibody/antigen binding forces 
The forces that hold an antigen and antibody together can be classified into four 
general areas: (1) electrostatic; (2) hydrogen bonding; (3) hydrophobic; and (4) Van der 
Waals. Electrostatic forces are due to the attraction between oppositely charged ionic 
5 groups on two protein side-chains. The force of attraction (F) is inversely proportional to 
the square of the distance (d) between the charges. Hydrogen bonding forces are due to 
formation of reversible hydrogen bridges between hydrophilic groups such as -OH, -NH 2 
and -COOH. These forces are largely dependent upon close positioning of two molecules 
carrying these groups. Hydrophobic forces operate in the same way that oil droplets in 
10 water merge to form a single large drop. Accordingly, non-polar, hydrophobic groups such 
as the side-chains on valine, leucine and phenylalanine tend to associate in an aqueous 
environment. Lastly, Van der Waals are forces created between molecules by interaction 
between the external electron clouds. Further information about the different types of forces 
is known in the art (see, e.g., Essential Immunology, I.M Roitt, ed., 6th Ed. Blackwel! 
15 Scientific Publications, 1988. 

Useful antibodies of the present invention exhibit all of these forces. By obtaining 
an accumulation of these forces in greater amounts, it is possible to obtain an antibody that 
has a high degree of affinity or binding strength to native uHAse, and in particular an 
antibody that has a high degree of binding strength to uHAse in the material in which it 
20 naturally occurs (e.g., human urine). 

Anti-uHAse antibody affinity 

The binding affinity between an antibody and an antigen is an accumulative 
measurement of all of the forces described above. Standard procedures for carrying out 
such measurements are known in the art and can be directly applied to measure the affinity 

25 of anti-native uHAse antibodies of the invention. 

One standard method for measuring antibody/antigen binding affinity uses a dialysis 
sac, composed of a material permeable to the antigen but impermeable to the antibody. 
Antigens that bind completely or partially to antibodies are placed within the dialysis sac in 
a solvent (e.g., water). The sac is then placed within a larger container which does not 

30 contain antibodies or antigen but contains only the solvent. Since only the antigen can 

diffuse through the dialysis membrane the concentration of the antigen within the dialysis 
sac and the concentration of the antigen within the outer larger container will attempt to 
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reach an equilibrium. The amount of antigen that remains bound to antibody in the dialysis 

sac and the amount that disassociated from the antibody are calculated by determining the 

antigen concentrations within the dialysis sac and within the solvent outside the dialysis sac. 

By constantly renewing the solvent (e.g., the water) within the surrounding container so as 

5 to remove any diffused antigen, it is possible to totally disassociate the antibody from 

antigen within the dialysis sac. If the surrounding solvent is not renewed, the system will 

reach an equilibrium, and the equilibrium constant (K) of the reaction, i.e., the association 

and disassociation between the antibody and antigen, can be calculated. The equilibrium 

constant (K) is calculated as an amount equal to the concentration of antibody bound to 

10 antigen within the dialysis sac divided by the concentration of free antibody combining sites 

times the concentration of free antigen. The equilibrium constant or "K" value is generally 

measured in terms of liters per mole. The K value is a measure of the difference in free 

energy (aG) between the antigen and antibody in the free state as compared with the 

complexed form of the antigen and antibody. Anti-native uHAse antibodies having an 

7 9 

15 affinity or K value of 10 l/mole to 10 1/mole or more are preferred. 
Antibody avidity 

As indicated above the term "affinity" describes the binding of an antibody to a 
single antigen determinate. The term "avidity" is used to express the interaction of an 
antibody with a multivalent antigen. The factors that contribute to avidity are complex and 

20 include both the heterogeneity of the antibodies in a given serum that are directed against 
each determinate on the antigen and the heterogeneity of the determinants themselves. The 
multivalence of most antigens leads to an interesting "bonus" effect in which the binding of 
two antigen molecules by an antibody is always greater, usually many fold greater, than the 
arithmetic sum of the individual antibody links. Thus, it can be understood that the 

25 measured avidity between an antiserum and a multivalent antigen will be somewhat greater 
than the affinity between an antibody and a single antigen determinate. 
Other Uses of Anti-uHAse Antibodies 

Anti-uHAse antibodies are useful in various immunotechniques, including 
immunopurification and immunodetection techniques. Anti-uHAse antibodies useful in 
30 such immunotechniques may be either polyclonal or monoclonal antibodies, preferably 
monoclonal antibodies. 
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Preferably, anti-uHAse antibodies useful in immunotechniques exhibit an 

7 9 

equilibrium or affinity constant (K d ) of at least 10 1/mole to 10 1/mole or greater. The 
' . 7 

binding affinity of 10 1/mole or more may be due to (1) a single monoclonal antibody (i.e., 

large numbers of one kind of antibody) (2) a plurality of different monoclonal antibodies 

5 (e.g., large numbers of each of five different monoclonal antibodies) or (3) large numbers of 

polyclonal antibodies. It is also possible to use combinations or (l)-(3). 

Preferred antibodies bind 50% or more of native uHAse in a sample. However, this 

may be accomplished by using several different antibodies as per (l)-(3) above. An 

increased number of different antibodies is generally more effective than a single antibody 

10 in binding a larger percentage of antigen in a sample. Thus, a synergistic effect can be 

obtained by combining combinations of two or more antibodies which bind native uHAse, 

i.e., by combining two or more antibodies that have a binding affinity K a for native uHAse 
7 

of 1 0 1/mole or more. 

Immunopurification using anti-native aaHAse antibodies 

15 Antibodies that specifically bind uHAse can be used in, for example, 

immunopurification of uHAse from its naturally occurring source (e.g., HAse isozymes 
from human urine) or from a source of recombinant uHAse polypeptide production. 
Immunopurification techniques useful in the purification of uHAse include, but are not 
limited to, immunoprecipitation, immunoaffinity isolation on beads, immunoaffmity column 

20 chromatography, and other methods well known in the art. Anti-native uHAse antibodies 
useful in immunopurification of uHAse include any anti-native aaHAse antibody that 
specifically binds native uHAse (e.g., anti-huHAse and anti-hpHAse antibodies). The 
immunopurification methods using the antibodies of the invention can use a single anti- 
native uHAse antibody (e.g, a monoclonal or polyclonal antibody, preferably a monoclonal 

25 antibody) or multiple anti-native uHAse antibodies. 

In addition, the anti-native uHAse antibodies of the invention can be used to prepare 
a device for immunopurification of native uHAse, preferably native uHAse or a polypeptide 
thereof, more preferably native huHAse. In general, such devices are prepared by 
covalently binding an anti-native uHAse antibody to an insoluble support (e.g., bead, 

30 affinity column component (e.g., resin), or other insoluble support used in immunoaffinity 
purification). Alternatively, the antibody may be bound to a metal particle which allows 
separation of anti-native uHAse-uHAse complexes from a solution by use of a magnetized 
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column. The anti-uHAse antibody may be a monoclonal or polyclonal antibody, preferably 

• ■• 

a monoclonal antibody. The antibodies bound to the insoluble support (or otherwise 
■ 

employed in purification) may also comprise a mixture of anti-native uHAse antibodies to 
provide a device that can bind to at least 50% of the native uHAse in the sample. Such 
5 immunopurification devices can be used to isolate aaHAse from a source in which it 

naturally occurs (e.g., huHAse from raw urine) or from a source of recombinantly-produced 
uHAse. 

Qualitative and quantitative immunodetection using anti-native uHAse 
antibodies 

10 Anti-native uHAse antibodies can be used in immunodetection assay to detect and, 

where desirable, quantitate uHAse in a sample. Immunodetection assays using anti-native 
uHAse antibodies can be designed in a variety of ways. For example, anti-native uHAse 
antibodies can be used to produce an assay device comprising anti-native uHAse antibodies 
bound to a soluble support (e.g., an immunoassay column, beads, or wells of a microtiter 

15 plate). Methods for covalent or non-covalent attachment of an antibody to a soluble support 
are well known in the art. A sample suspected of containing an uHAse is then contacted 
with the assay device to allow formation of anti-native uHAse antibody-uHAse complexes. 
The anti-native uHAse-uHAse complexes can then be detected by virtue of a uHAse activity 
associated with the complex as described in the anti-native uHAse assay described above, or 

20 by contacting the complex with a second detectably-labeled anti-native uHAse antibody. 

By "detectably labeled antibody", "detectably labeled anti-uHAse antibody" or 
"detectably labeled anti-uHAse antibody fragment" is meant an antibody (or antibody 
fragment that retains antigen binding specificity), having an attached detectable label. The 
detectable label is normally attached by chemical conjugation; where the label is a 

25 polypeptide, the label can be attached by genetic engineering techniques. Detectable labels 
may be selected from a variety of such labels known in the art, but normally are 
radioisotopes, fluorophores, paramagnetic labels, enzymes (e.g., horseradish peroxidase), or 
other moieties or compounds that either emit a detectable signal (e.g., radioactivity, 
fluorescence, color) or emit a detectable signal after exposure of the label to its substrate. 

30 Various detectable label/substrate pairs (e.g., horseradish peroxidase/diaminobenzidine, 

avidin/streptavidin, luciferase/luciferin)), methods for labeling antibodies, and methods for 
using labeled antibodies are well known in the art (see, for example, Harlow and Lane, eds. 

-19- 



Page: 21 



1 WO 99/29841 PCT/US98/24206 
• 

(Antibodies: A Laboratory Manual (1988) Cold Spring Harbor Laboratory Press, Cold 
Spring Harbpr, NY)). 

Alternatively, detectably labeled anti-native uHAse antibodies can be directly used to 
detect and/or quantify uHAse in a sample. For example, detectably labeled anti-native 
5 huHAse antibodies can be contacted with a tissue sample suspected of having a LuCa- 
1/hpHAse defect (e.g., a tissue sample derived from breast, ovaries, or lung) for a time 
sufficient to allow for formation of complexes between the anti-native huHAse antibody and 
huHAse in the sample. Binding of the anti-native huHAse antibody can then be detected 
and/or quantified by virtue of a detectable label bound to the anti-native huHAse antibody. 

10 Alternatively, binding of the anti-native huHAse antibody can be detected using an antibody 
that binds the anti-native huHAse antibody. Binding of anti-native huHAse antibody to a 
tissue sample can then be compared to anti-native huHAse antibody binding to a control 
sample (e.g., a normal sample having no LuCa-l/hpHAse defect and/or a sample containing 
tissue associated with a LuCa-l/hpHAse defect) and the antibody binding correlated with the 

15 presence or absence of a LuCa-l/hpHAse defect in the patient. Alternatively or in addition 
anti-uHAse antibodies can be used to detect huHAse in samples of patient receiving huHAse 
therapy, to correlate HAse levels in a sample with tumor progression in the patient, 
responsiveness to therapy, and/or uptake of huHAse by the patient's body. Where uHAse is 
detected in urine, the levels of uHAse can be correlated with susceptibility to and/or the 

20 presence of a LuCa-1 defect associated disease state and/or the severity of such disease, as 
well as with the levels of uHAse present following administration of uHAse during therapy. 

uHAse-Encoding Polynucleotides 

The polynucleotide sequences encoding uHAse (e.g., the polynucleotide sequence 
25 encoding Chain A and Chain B of uHAse) may be cDNA or genomic DNA or a fragment 
thereof. The gene may be introduced into an appropriate vector for extrachromosomal 
maintenance or for integration into the host. The term "cDNA" as used herein is intended to 
include all nucleic acids that share the arrangement of sequence elements found in native 
mature mRNA species, where sequence elements are exons and 3' and 5' non-coding 
30 regions. 

In contrast, genomic uHAse sequences may have non-contiguous open reading 
frames, where introns interrupt the protein coding regions. Genomic sequences can also 
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comprise the nucleic acid present between the initiation codon and the stop codon, as 
defined in thp listed sequences, including all of the imrons that are normally present in a 
native chromosome. It may further include the 3' and 5' untranslated regions found in the 
mature mRNA. It may further include specific transcriptional and translational regulatory 
5 sequences, such as promoters, enhancers, etc., including about 1 kb, but possibly more, of 
flanking genomic DNA at either the 5' or 3' end of the transcribed region. The genomic 
DNA may be isolated as a fragment of 100 kbp or smaller; and substantially free of flanking 
chromosomal sequence. 

The nucleic acid compositions of the subject invention may encode all or a part of 

10 the Chain A and/or Chain B huHAse polypeptides as appropriate. Fragments may be 

obtained of the DNA sequence by chemically synthesizing oligonucleotides in accordance 
with conventional methods, by restriction enzyme digestion, by PCR amplification, etc. For 
the most part, DNA fragments will be of at least 15 nt, usually at least 18 nt, more usually at 
least about 50 nt. Such small DNA fragments are useful as primers for PCR, hybridization 

15 screening, etc. Larger DNA fragments, i.e. greater than about 50 nt to 100 nt are useful for 
production of the encoded polypeptide. For PCR amplification, it is preferable to choose a 
pair of primers that will generate an amplification product of at least about 50 nt, preferably 
at least about 100 nt. Algorithms for the selection of primer sequences are generally known, 
and are available in commercial software packages. Amplification primers hybridize to 

20 complementary strands of DNA, and will prime towards each other. 

The uHAse-encoding sequences are isolated and obtained in substantial purity, 
generally as other than an intact mammalian chromosome. Usually, the DNA will be 
obtained substantially free of other nucleic acid sequences that do not include a uHAse- 
encoding sequence (e.g., a Chain A- or Chain B-encoding sequence) or fragment thereof, 

25 generally being at least about 50%, usually at least about 90% pure and are typically 
"recombinant", i.e. flanked by one or more nucleotides with which it is not normally 
associated on a naturally occurring chromosome. 

The DNA sequences are used in a variety of ways. They may be used as probes for 
identifying homologs of uHAse (e.g., homologs of huHAse). Mammalian homologs have 

30 substantial sequence similarity to one another, i.e. at least 75%, usually at least 90%, more 
usually at least 95% sequence identity. Sequence similarity is calculated based on a 
reference sequence, which may be a subset of a larger sequence, such as a conserved motif, 
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coding region, flanking region, etc. A reference sequence will usually be at least about 18 nt 
long^rnore usually at least about 30 nt long, and may extend to the complete sequence that is 
being compared. Algorithms for sequence analysis are known in the art, such as BLAST, 
described in Altschul et al. 1990 J Mol Biol 215:403-10. 
5 Nucleic acids having sequence similarity are detected by hybridization under low 

stringency conditions, for example, at 50°C and 10XSSC (0.9 M saline/0.09 M sodium 
citrate) and remain bound when subjected to washing at 55°C in 1XSSC. Sequence identity 
may be determined by hybridization under high stringency conditions, for example, at 50°C 
or higher and 0. 1XSSC (9 mM saline/0.9 mM sodium citrate). By using probes, particularly 

10 labeled probes of DNA sequences, one can isolate homologous or related genes. The source 
of homologous genes may be any species, e.g. primate species, particularly human; rodents, 
such as rats and mice, canines, felines, bovines, ovines, equines, yeast, Drosophila, 
Caenhorabditis, etc. 

uHAse-encoding DNA can also be used to identify expression of the gene in a 

15 biological specimen. The manner in which one probes cells for the presence of particular 
nucleotide sequences, as genomic DNA or RNA, is well established in the literature and 
does not require elaboration here. mRNA is isolated from a cell sample. mRNA may be 
amplified by RT-PCR, using reverse transcriptase to form a complementary DNA strand, 
followed by polymerase chain reaction amplification using primers specific for the subject 

20 DNA sequences. Alternatively, mRNA sample is separated by gel electrophoresis, 

transferred to a suitable support, e.g. nitrocellulose, nylon, etc., and then probed with a 
fragment of the subject DNA as a probe. Other techniques, such as oligonucleotide ligation 
assays, in situ hybridizations, and hybridization to DNA probes arrayed on a solid chip may 
also find use. Detection of mRNA hybridizing to a uHAse sequence is indicative of uHAse 

25 expression in the sample. 

uHAse-encoding sequences (e.g., Chain A- or Chain B-encoding sequences) may be 
modified for a number of purposes, particularly where they will be used intracellularly, for 
example, by being joined to a nucleic acid cleaving agent, e.g. a chelated metal ion, such as 
iron or chromium for cleavage of the gene; or the like. Techniques for in vitro mutagenesis 

30 of cloned genes are known. Examples of protocols for scanning mutations may be found in 
Gustin et al., 1993 Biotechniques 14:22 ; Barany, 1985 Gene 37:1 1 1-23; Colicelli et al., 
1985 Mol Gen Genet 199:537-9; and Prentki et al., 1984 Gene 29:303-13. Methods for site 
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specific mutagenesis can be found in Sambrook et al., 1989 Molecular Cloning: A 
Laboratory Manual, CSH Press, pp. 15.3-15.108; Weiner et al., 1993 Gene 126:35-41; 
Sayers et al., 1992 Biotechniques 13:592-6; Jones and Winistorfer, 1992 Biotechniques 
12:528-30; Barton et al., 1990 Nucleic Acids Res 18:7349-55; Marotti and Tomich, 1989 
5 Gene Anal Tech 6:67-70; and Zhu 1989 Anal Biochem 177:120-4. 

Methods of Making uHAse 

In addition to the purification procedure outlined above, uHAse polypeptides (e.g f . 
huHAse polypeptides) can be made by standard synthetic techniques, or by using 
10 recombinant DNA technology and expressed in bacterial, yeast, or mammalian cells using 
standard techniques. As used herein, the term "uHAse" includes natural, recombinant, and 
modified forms of the protein unless the context in which the term is used clearly indicates 
otherwise. 

Chemical Synthesis 

15 uHAse polypeptides can be synthesized based on the amino acid sequences described 

herein and variations thereof by standard solid-phase methods using the teri- butyl oxy- 
carbonyl and benzyl protection strategy described in Clark-Lewis et al., P.N.A.S., USA, 
90:3574-3577 (1993) and Clark-Lewis et al., Biochemistry, 30:3128-3135 (1991). After 
deprotection with hydrogen fluoride, the proteins are folded by air oxidation and purified by 

20 reverse-phase HPLC. Purity is determined by reverse-phase HPLC and isoelectric focusing. 
Amino acid incorporation is monitored during synthesis, and the final composition is 
determined by amino acid analysis. The correct covalent structure of the protein can be 
confirmed using ion-spray mass spectrometry (SCEEX APIII). 

Recombinant DNA Techniques for Synthesis of uHAse Polypeptides 

25 As discussed in the examples below, LuCa-1 and hpHAse are identical, and huHAse 

is an endoproteolytic cleavage product of hpHAse. The amino acid sequences of hpHAse 
and LuCa-1 vary at four amino acid residue positions (where the Met at the N-terminus of 
the signal sequence is counted as the first amino acid residue): 1) an Ala is substituted for 
Gly at the 3rd residue within the signal sequence ; 2) a Val is substituted for Leu at the 27th 

30 amino acid residue; 3) an Arg is substituted for Gly at the 191st amino acid residue; and 
4) a Glu is substituted for Leu at the 300th amino acid residue. However, the two proteins 
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are otherwise identical in amino acid sequence and immunological and biochemical 
characteristics. 

The nucleotide sequence encoding hpHAse is identical to the sequence encoding 
LuCa-1, except for the variations in the codons encoding the amino acids as described 
5 above. Thus, the nucleotide sequence encoding LuCa-1 is the nucleotide sequence encoding 
hpHAse. Moreover, since uHAse is a proteolytically processed from hpHAse polypeptide, 
the nucleotide sequence encoding hpHAse contains the sequences that encode the Chain A 
and Chain B polypeptides of huHAse. The LuCa-l/hpHAse gene has been isolated and 
sequenced (Bader et al. GenBank accession no. U03056, NID G532973, submitted Nov. 1, 

10 1993). The amino acid and nucleotide sequences of LuCa-1 as described by Bader et al. are 
provided as SEQ ID NOS: 15 and 16, respectively. 

The nucleotide sequence encoding a HAse can be isolated according to any one of a 
variety of methods well known to those of ordinary skill in the art. For example, DNA 
encoding HAse can be isolated from either a cDNA library or from a genomic DNA library 

1 5 by either hybridization or expression cloning methods. Alternatively, the DNA can be 
isolated using standard polymerase chain reaction (PCR) amplification of synthetic 
oligonucleotide primers, e.g., as described in Mullis et al., U.S. Patent No. 4,800,159, or 
expression cloning methods well known in the art (see, e.g., Sambrook et al. 1989 Molecular 
Cloning: A Laboratory Manual . 2nd Ed., Cold Spring Harbor Laboratory Press, Cold 

20 Spring Harbor, NY). Where hybridization or PCR is used to identify DNA encoding HAse, 
the sequence of the oligonucleotide probes or primers can be based upon the amino acid or 
nucleotide sequence of LuCa-1 provided above. 

The sequence of isolated HAse polypeptide-encoding DNA can be determined using 
methods well known in the art (see, for example, Sambrook et al., supra ). Following 

25 sequence confirmation, the resulting clones can be used to, for example, identify homologs 
of HAse (e.g., other human alleles encoding HAse or an acid active serum hyaluronidase of 
another mammalian species (e.g., dog, rat, mouse, primate, cow), and/or to transform a 
target host cell for expression of DNA encoding a polypeptide of uHAse (e.g., Chain A or 
Chain B polypeptide). 

30 
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Expression of HAse Polypeptides 

Expression of a uHAse polypeptide (e.g., a uHAse Chain A polypeptide, or a uHAse 
Chain B polypeptide), is accomplished by inserting a nucleotide sequence encoding a uHAse 
polypeptide into a nucleic acid vector such that a promoter in the construct is operably 
5 linked to, for example, the Chain A- or Chain B-encoding sequence. The construct can then 
be used to transform a mammalian, insect, yeast, or bacterial host cell. Numerous, 
commercially available vectors useful in recombinant polypeptide expression can be used. 
Preferably the vector is capable of replication in both eukaryotic and prokaryotic hosts, and 
are generally composed of a bacterial origin of replication and a eukaryotic promoter 

10 operably linked to a DNA of interest. A number of vectors suitable for stable transfection of 
mammalian, insect, yeast, and bacterial cells are available to the public from a wide variety 
of sources, e.g., the American Type Culture Collection, Rockville, MD. Suitable host cells, 
as well as methods for constructing stably-transformed host cell lines, are also publicly 
available, e.g., Pouwels et al., 1985, Cloning Vectors: A Laboratory Manual, Ausubel et al., 

1 5 1 989, Current Protocols in Molecular Biology, John Wiley & Sons, New York; and 
Sambrook et al., supra . Mammalian and yeast cells are preferred host cells. 

Techniques for preparation of constructs containing of nucleic acid sequence of 
interest and for obtaining expression of exogenous DNA or RNA sequences in a host cell are 
well known in the art (see, for example, Kormal et al., 1987, Proc. Natl. Acad Sci. USA, 

20 84:2150-2154; Sambrook et al., supra ; each of which are hereby incorporated by reference 
with respect to methods and compositions for eukaryotic expression of a DNA of interest). 
Expression of recombinant uHAse polypeptides (e.g., Chain A or Chain B polypeptide) can 
be assayed by immunological procedures, such as Western blot or immunoprecipitation 
analysis of recombinant cell extracts, or by the HAse activity assay as described by Frost et 

25 al. (1997 Anal Biochem. 251:263-9; see also U.S. Patent Application Serial No. 08/733,360, 
filed October 17, 1996). 

For example, uHAse polypeptides according to the invention can be produced by 
transformation of a suitable host cell (e.g., bacterial, yeast, or mammalian cell, preferably 
mammalian cell) with a uHAse polypeptide-encoding nucleotide sequence(s) (e.g., a 

30 nucleotide sequence encoding Chain A and a nucleotide sequence encoding Chain B) in a 
suitable expression vehicle, and culturing the transformed cells under conditions that 
promote expression of the encoded polypeptide. Where the host cell is a mammalian cell, 
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the vector is preferably designed to allow for secretion of uHAse into the culture medium. 
The method of transformation and the choice of expression vehicle will depend on the host 
system selected. Those skilled in the field of molecular biology will understand that any of 
a wide variety of prokaryotic and eukaryotic expression systems may be used to produce 
5 uHAse polypeptides of the invention. The precise host cell used is not critical to the 
invention. 

Identification of Biologically Active uHAse and uHAse Polypeptides 

uHAse, Chain A, or Chain B polypeptide-encoding DNAs can encode all or a portion 

10 of uHAse, Chain A, or Chain B. Preferably, the expressed polypeptide is biologically 

active, e.g. y exhibits acid active hyaluronidase activity in the cleavage of hyaluronan and/or 
can be bound by an anti-native uHAse antibody. In general, once information regarding the 
ability of a protein to elicit antibodies and/or information regarding an enzymatic or other 
biological activity of a protein of interest is known, methods for identification of 

1 5 biologically active polypeptides of the full-length protein are routine to the ordinarily skilled 
artisan, particularly where the nucleotide sequence and/or amino acid sequence encoding the 
protein of interest (here huHAse, Chain A polypeptide, or Chain B polypeptide) is provided 
as in the present case. 

Biologically active uHAse polypeptides can be identified by using the HAse activity 

20 described by Frost et al. (1997 Anal. Biochem. 251 :263-9; see also U.S. Patent Application 
Serial No. 08/733,360, filed October 17, 1996), or by using conventional HAse activity 
assays (e.g., the ELISA-like hyaluronan assay (Stem et al., 1992, Matrix 12:391-403) or 
substrate gel zymography (Guentenhoener et al., 1992, Matrix 12:388-396)). Alternatively, 
biologically active uHAse polypeptides can be detected by binding of an anti-native uHAse 

25 antibody to a component of the transformed host cell supernatant and/or lysate. uHAse 
polypeptides preferably exhibit at least 25%, more preferably 50%, still more preferably 
75%, even more preferably 95% of the activity of native uHAse. 

Identification of Hyaluronidases Homologous to uHAse 

30 DNA encoding hyaluronidases homologous to uHAse (e.g., contain conservative 

amino acid substitutions relative to a native uHAse) can be accomplished by screening 
various cDNA or genomic DNA libraries by hybridization or PCR using oligonucleotides 
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based upon the DNA sequence and/or amino acid sequence of a uHAse, Chain A 

■■ 

poly peptide^ and/or Chain B polypeptide. Alternatively the oligonucleotides used may be 
degenerate, e.g., based upon a selected amino acid sequence of uHAse or designed so as to 
allow detection or amplification of DNA encoding a uHAse-like amino acid sequence 
5 having conservative amino acid substitutions and/or to take into account the frequency of 
codon usage in the mammalian species DNA to be screened. Such "degenerate 
oligonucleotide probes" can be used in combination in order to increase the sensitivity of the 
hybridization screen, and to identify and isolate uHAse analogs and orthologs in other 
species or variant alleles encoding uHAse in humans. Methods for designing and using 
10 degenerate oligonucleotide probes to identify a protein for which an amino acid and/or 

nucleotide sequence, as well as methods for hybridization and PCR techniques for screening 
and isolation of homologous DNAs, are routine and well known in the art (see, for example, 
Sambrook et al. supra). 

15 Therapies Using uHAse Polypeptides 

The substantially pure native uHAse polypeptides (e.g., uHAse polypeptides that are 
not associated with the components of plasma from which uHAse is purified) of the 
invention can be used in a variety of applications including human and veterinary therapies, 
either alone or in combination with other therapeutic agents. Purified uHAse of the 

20 invention can generally be used in place of neutral HASE formulations or WYDASE™, 

where the condition to be treated is associated with excess hyaluronic acid and/or therapy is 
designed to increase HAse activity generally (i.e., the conventional neutral hyaluronidase- 
containing formulation is not used to treat a specific defect in neutral HAse activity, but 
rather provides a HAse (neutral or acid active) activity). Use of an acid active HASE is 

25 preferred to use of neutral HAses since acid active HAses can yield a controlled degradation 
of HA substrate and does not degrade all components of the extracellular matrix in the 
patient. 

Administration of uHAse may be advantageous over administration of other HAses 
due to uHAse's lower molecular weight, which can allow the enzyme to enter cells more 
30 readily than the other, higher molecular weight HAses. Thus uHAse will have better 
bioavailability than HAses of higher molecular weight. 

-27- 



Page: 29 



• WO 99/29841 PCT/US98/24206 

uHAse can be used in the treatment of diseases associated with excess hyaluron, to 
enhance circulation of physiological fluids at the site of administration (e.g., as a spreading 
agent, e.g., by subcutaneous or topical application (e.g., in cosmetic formulations such as 
cosmetic creams), and/or as an anti-cancer agent either alone or in combination with 
5 chemotherapeutic agents. For example, huHAse can be administered to a patient to facilitate 
clysis, particularly hypodermoclysis. 

Of particular interest is the administration of huHAse to patients suffering from 
stroke or a myocardial infarction (e.g., by infusion) (see, e.g., Maclean et al. 1976 Science 
194:199-200; Opie 1980 Am Heart J. 100:531-52). Administration of Hase to patients 

10 suffering from myocardial infarction can facilitate a decrease in pressure upon myocardial 
tissues, prevent tissue necrosis, and relieve edema. Use of uHAse in treatment of 
myocardial infarct patients is advantageous over use of other HAses since uHAse lacks the 
three EGF repeats present at the carboxy terminus of other HAses (e.g., hpHAse), indicating 
that the activity of uHAse will not be inhibited by heparin. Heparin is often administered 

1 5 during heart attacks and is a very powerful inhibitor of HAse activity of other HAses 
containing this EGF motif. Because uHAse lacks the EGF motif, and thus will not be 
inhibited by heparin, the clinician need not be concerned that co-administration of heparin 
with uHAse will render uHAse inactive. 

Methods for administration, and amounts of huHAse administered, for treatment of 

20 myocardial infarction can be based upon methods of administration of bovine testicular 
hyaluronidase and amounts administered (see, e.g., Wolf et al. 1982 J. Pharmacol. Exper. 
Therap. 222:331-7; Braunwald et al. 1976 Am. J. Cardiol. 32:550-6; DeGiovanni et al. 1961 
Br. Heart! 45:350; DeOliveira et al. 1959 Am. Heart J. 52:712-22; Kloner et al. 1978 
Circulation 58:220-6; Kloner et al. 1977 Am. J. Cardiol. 40:43-9; Koven et al. 1975 J. 

25 Trauma 15:992-8; Maclean et al. 1978 J. Clin. /m><?5/.61:541-51; Maclean et al. 1976 

Science 194:199-200; Maroko et al. 1975 Ann. Intern. Med. 82:516-20; Maroko et al. 1977 
N. Engl. J. Med 296:896-903; Maroko et al. 1972 Circulation 46:430-7; Salete 1980 Clin. 
Biochem. 13:92-94; Snell et al. 1971 J. Clin. 7/7ves/.50:2614-25; Wolf et al. 1981 Circ. Res. 
48:88-95). 

30 Furthermore, uHAse can also have therapeutic effects when administered to patients 

having certain lysosomal storage diseases associated with a defect in hyaluronidase (see, 
e.g., Natowicz et al. 1996 N. Engl. J. Med. 335:1029-33). huHAse can used therapeutically 
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by direct administration of hyaluronidase (e.g., intracellular^ or intravenously) as a form of 
shunt pathway. Lysosomal storage disease amenable to uHAse therapy are those diseases 
that result in accumulation of [GlcNAcPl-4GlcUApi-3] n (GAGs) due to a defective 
mannose-6-phosphate pathway. uHAse can degrade these accumulated GAGs under a 
5 nonfunctional cellular system since HASE activity does not depend upon the mannose-6- 
phosphate pathway (Herd et al. 1976 Proc. Soc. Experim. Biol Med. ILL: 642-9). 

uHAse can also be used in the treatment of edema associated with brain tumors, 
particularly that associated with glioblastoma multiform. The edema associated with brain 
tumors results from the accumulation of hyaluronan in the non-cancerous portions of the 

1 0 brain adjacent the tumor. Administration of hyaluronidase to the sites of hyaluronan 

accumulation (e.g., by intravenous injection or via a shunt) can relieve the edema associated 
with such malignancies by degrading the excess hyaluronan at these sites. Thus, 
hyaluronidase is successful in the treatment of brain tumors not only in the reduction of the 
tumor mass and inhibition of tumor growth and/or metastasis, but it also is useful in 

15 relieving edema associated with the malignancy. uHAse can be administered for treatment 
of edema in a manner similar to that for administration of bovine testicular hyaluronidase to 
treat edema (see, e.g., SaEarp Arq. Braz. MecL 44:217-20). 

Of particular interest is the use of uHAse biologically active polypeptides in the 
treatment of cancer. uHAse can be used as a chemotherapeutic agent (alone or in 

20 combination with other chemotherapeutics) in the treatment of any of a variety of cancers, 
particularly invasive tumors. For example, uHAse can be used in the treatment of small 
lung cell carcinoma, squamous lung cell carcinoma, as well as cancers of the breast, ovaries 
or any other cancer associated with depressed levels of HAse activity or with a defective 
LuCa-1 (hpHAse) gene (e.g., a LuCa-1 gene that does not provide for expression of 

25 adequate hpHAse levels or encodes a defective hpHAse that does not provide for an 
adequate level of hyaluronidase activity). 

uHAse can also be used to increase the sensitivity of tumors that are resistant to 
conventional chemotherapy. In one embodiment, huHAse is administered to a patient 
having a tumor associated with a LuCa-1 defect in an amount effective to increase diffusion 

30 around the tumor site (e.g., to increase circulation of chemotherapeutic factors (e.g., to 
facilitate circulation and/or concentrations of chemotherapeutic agents in and around the 
tumor site), inhibit tumor cell motility (e.g., by HA degradation) and/or to lower the tumor 
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cell(s) threshold of apoptosis (i.e., bring the tumor cell(s) to a state of anoikis), a state that 
renders the tumor cell(s) more susceptible to the action of chemotherapeutic agents or other 
agents that may facilitate cell death, preferably preferentially facilitate programmed cell 
death of cells in anoikis. Chemotherapeutic agents as used herein is meant to encompass all 
5 molecules, synthetic (e.g, cisplatin) as well as naturally-occurring (e.g., tumor necrosis 

factor (TNF)), that facilitate inhibition of tumor cell growth, and preferably facilitate, more 
preferably preferentially facilitate tumor cell death. 

Patients having or susceptible to a disease or condition that is amenable to treatment 
with uHAse can be identified using a variety of conventional methods, or by using an assay 

10 device of the invention having bound anti-native uHAse antibodies as described above to 
determine HASE levels in, for example, urine, blood, plasma, or serum, and correlate such 
levels with a LuCa-1 defect. For example, where the patient is suspected of having or of 
being susceptible to a condition associated with decreased HAse activity, a biological 
sample (e.g., blood, serum, or plasma) can be obtained from the patient and assayed using 

15 the HAse assay and/or immunoassays using anti-native HAse antibodies {e.g., anti-hpHAse 
or anti-huHAse antibodies) as described above. 

The route of administration and amount of uHAse administered will vary widely 
according to the disease to be treated, and various patient variables including size, weight, 
age, disease severity, and responsiveness to therapy. Methods for determining the 

20 appropriate route of administration and dosage are generally determined on a case-by-case 
basis by the attending physician. Such determinations are routine to one of ordinary skill in 
the art (see, for example, Harrison's Principles of Internal Medicine . 1 1th Ed., 1987). For 
example, where huHAse is used to facilitate hypodermoclysis, a solution containing huHAse 
is administered by subcutaneous injection to facilitate absorption of the solution (e.g., 

25 nutrient, body fluid replacement, or blood pressure increasing solution). Preferably, uHAse 
is administered by injection, e.g., parenteral injection including subcutaneous, intramuscular, 
intraorbital, intracapsular, and intravenous injection. In one embodiment, native uHAse is 
administered in a liposome (see, e.g., Liposome Technology . G. Gregoriadis, ed., 1984, 
CRC Press, Boca Raton, Florida). 

30 In some therapeutic applications of uHAse, it may be desirable to modify uHAse to 

provide one or more desirable characteristics. For example, it may be desirable to increase 
its biological half-life by, for example, modification of the polypeptide. Various methods 
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for increasing the half-life of a protein are well known in the art and include, for example, 
conjugation of the protein to polyethylene glycol moieties, i.e., PEGylation (see, for 
example, USPN 4,179,337; USPN 5,166,322; USPN 5,206,344; Nucci et al., 1991, Adv. 
Drug Delivery Rev. 4:133-151; Zalipsky et al., 1991, "Polymeric Drugs and Drug Delivery 
5 Systems," ACS) conjugation of the protein to dextran (Maksimenko, 1986, Bull. Exp. Biol. 
Med (Russian) 52:567-569), and deglycosylation of the protein by treatment with 
endoglycosidase F (Lace et al., 1990, Carbohydrate Res. 208:306-311). 

The specific dosage appropriate for administration can be readily determined by one 
of ordinary skill in the art according to the factors discussed above (see, for example, 

10 Harrison's Principles of Internal Medicine . 1 1th Ed., 1987). In addition, the estimates for 
appropriate dosages in humans may be extrapolated from determinations of the level of 
enzymatic activity of Hase in vitro and/or dosages effective in animal studies. For example, 
70-300 TRU hyaluronidase is effective in reducing the tumor load in a scid mouse. Given 
this information, the corresponding dosages in the average 70 kg human would range from 

1 5 about 250,000- 1 ,200,000 TRU hyaluronidase. The amount of a uHAse polypeptide 

administered to a human patient is generally in the range of 1 TRU to 5,000,000 TRU of 
enzymatic activity, preferably between about 1,000 TRU to 2,500,000 TRU, more 
preferably between about 100,000 TRU to 1,500,000 TRU, normally between about 250,000 
TRU and 1,200,000 TRU, with about 725,000 TRU representing average prescribed doses. 

20 In one embodiment, a huHAse polypeptide is formulated in a 0.15 M saline solution 

containing huHAse at a concentration of about 150,000 TRU/cc. The formulation is then 
injected intravenously at 15,000 TRU/kg body weight of the patient. Alternatively, the 
enzyme formulation may also be injected subcutaneously to allow the hyaluronidase to 
perfuse around the tumor site. 

25 

Numerous other uses for human HAses, specifically urine HAse, more specifically 
human urine HAse, as well as uses for anti-HAse antibodies and HAse polypeptide-encoding 
nucleotide sequences are readily apparent to one of ordinary skill in the art. 
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DEPOSITS 

The hybridoma cell lines 17E9 and 4D5, which produces an anti-hpHAse antibody 
that binds native hpHAse, has been deposited on behalf of The Regents of the University of 
California, 300 Lakeside Drive, 22nd Floor, Oakland, California 94612 with the American 
Type Culture Collection (ATCC), Rockville, Maryland, U.S.A. for patent purposes. The 
deposit of the hybridoma cell line 17E9 was received by the ATCC on October 17, 1996, 
ATCC Designation HB-12213. The deposit of the hybridoma cell line 4D5 was received by 
the ATCC on October 17, 1996, 1996, ATCC Designation HB-12214. The hybridoma cells 
were deposited under the conditions specified by the Budapest Treaty on the international 
recognition of the deposit of microorganisms (Budapest Treaty). 

Availability of the deposited material is not to be construed as a license to practice 
the invention in contravention of the rights granted under the authority of any government in 
accordance with its patent laws. 

EXAMPLES 

The following examples are put forth so as to provide those of ordinary skill in the 
art with a complete disclosure and description of how to carry out the invention and is not 
intended to limit the scope of what the inventors regard as their invention. Efforts have been 
made to ensure accuracy with respect to numbers used (e.g., amounts, temperatures, etc.), 
but some experimental error and deviation should be accounted for. Unless indicated 
otherwise, parts are parts by weight, molecular weight is weight average molecular weight, 
temperature is in degrees Centigrade, and pressure is at or near atmospheric. 
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Example 1: Biochemical Purification of hpHAse Isozymes from Urine 

The urinary isozymes of hpHAse were purified from human urine in a three-step 
biochemical procedure: 1) temperature-induced detergent phase extraction of human urine; 
2) Fast Flow-S cation exchange chromatography; and 3) hydroxyl-apatite resin. 
5 HyaJuronidase activity and protein concentration were determined at each stage of 

purification, and the specific hyaluronidase activity calculated. Hyaluronidase activity was 
determined using the assay described in Frost et al. 1997 Anal. Biochem. 251:263-9 and U.S. 
Patent Application Serial No. 08/733,360, filed October 17, 1996. Protein concentration 
was determined by both absorbance at 280 nm and with the Biorad (Burlingame, CA) 
10 protein microassay kit (Tengblad 1 979 Biochim. Biophys. Acta 578:28 1-289) in 96 well 
plates, using crystallized bovine serum albumin as a standard and read at 595 nM. 
n Temperature^induced detergent phase extraction 

Two liters of human urine were routinely used for enzyme purifications. Two liters 
of chilled human urine were dissolved in a solution 0.02% Sodium Azide, 50 mM NaCl, 5% 

15 sucrose and 7.5% Triton X-l 14 (Boehringer Mannheim) were dissolved at 4°C with stirring 
for 90 min followed by centrifugation at 10,000 x g for 30 min to remove insoluble material. 
The urine was then subjected to temperature-induced phase extraction at 37°C to separate 
the detergent-rich and detergent-poor phases. The extract was centrifuged at 10,000 x g for 
30 min at 37°C to clarify the two phases. The detergent-rich phase was removed and 

20 diluted to 2 liters with cold 50 mM Hepes, pH 7.5, 0.15 M NaCl. The solution was then 
allowed to mix thoroughly on ice followed by repartitioning at 37°C with centrifugation. 
This was repeated three times in order to increase the specific activity of the hyaluronidase 
that partitioned into the detergent phase. 

2) Fast Flow-$ cation exchange chromatography 

25 The final detergent-rich phase from step 1) was diluted six -fold with 20 ml of 

equilibrated SP-Sepharose cation exchange resin (Pharmacia) in 25 mM Mes, pH 6.0 and 
stirred overnight at 4°C. The beads were collected through centrifugation and washed 
extensively with 25 mM Mes, pH 6.0, containing 46 mm octylglucoside (Boehringer 
Mannheim). Hyaluronidase was eluted from the beads through the addition of 0.3 M NaCl 

30 in Mes pH 6.0 buffer with several washes. The SP-Sepharose eluant was concentrated on a 
YM3 (Amicon) membrane and desalted into 10 mM P0 4 pH 7.4 with 25 mM NaCl, 46 mM 
octylglucoside on a f.p.l.c. Fast-Desalting column. 
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3) Hydroxyl-apatite resin 

The hyaluronidase preparation from step 2) was combined with 10 ml of equilibrated 
hydroxylapatite resin (Biorad) and left on a rocker overnight at 4°C. huHAse did not 
adsorb to the resin under these conditions and was recovered in the supernatant. huHAse 
5 recovered in the supernatant was purified to homogeneity as determined by electrophoretic 
analysis on silver-stained 12.5% polyacrylamide gels on a Pharmacia Phast Gel System. 

Results 

The urinary hpHAse isozymes partitioned into the detergent-rich Triton X-l 14 
phase, suggesting the urinary hpHAse isozymes contain a lipid modification similar to that 

10 of hpHAse. The isoelectric point of the urinary HASE activity was 6.5 as determined by 
elution in chromatofocusing on Mono-P f.p.l.c. Human urinary HASE activity 
immunoprecipitated with the anti-native hpHAse antibody 17E9 described in Frost et al. 
1997 Biochem. Biophys Res. Commun. 236:10-15 and U.S. Patent Application Serial No. 
08/733,360, filed October 17, 1996. 

15 Gel zymography revealed two bands of HASE activity in crude plasma and urine 

samples. In plasma, HASE activity was detected in two bands corresponding to 57 kDa and 
46-47 kDa; the 57 kDa band was the predominant species. In urine, HASE activity was also 
detected in two bands corresponding 57 kDa and 46-47 kDa; however, neither species was 
predominant (i.e., the bands appeared in the urine sample with equal intensity). These data 

20 suggested that hpHAse and the urinary hpHAse isozymes are present in plasma and urine, 
respectively, in two distinct modified forms (e.g., as a holoprotein and a proteolytic or 
otherwise modified fragment), or that there are two distinct acid active HASE proteins 
present in urine and in plasma. 

25 Example 2: Immu nop unification of Human Urinary Hyaluronidase (huHAse) 

hpHAse was purified, and anti-hpHAse antibodies produced, as described in Frost et 
al., 1997 Biochem Biophys Res Commun. 236:10-15 and U.S. Patent Application Serial No. 
08/733,360, filed October 17, 1996. Two hybridoma cell lines 17E9 and 4D5, which secrete 
an anti-hpHAse antibody, were produced. The 17E9 antibody, which was successfully used 
30 in immunoprecipitation and immunopurification of hpHAse from human plasma and 

immunoprecipitation of the HASE activity associated with urine (see Example 1), was used 
in the immunopurification of huHAse from human urine. Three mg of purified 17E9 
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antibody was coupled to a 1 ml Hi-Trap-NHS-activated column (Pharmacia, Uppsala, 
Sweden) to produce an anti-HYALl affinity column as previously described (Frost et al. 
1 997 Biochem Biophsy Res. Commun. 236: 10-1 5). 

Twenty liters of human urine were collected from' laboratory volunteers, 
5 concentrated to 1 liter and desalted into PBS on a CH2PRS cartridge concentrator fitted with 
a S3Y10 spiral cartridge (Amicon, Beverley, MA, USA). To the concentrated urine, 1% 
Triton X-100, 1% sodium deoxycholate, 1% NP-40, and 0.02% sodium azide were added 
with stirring, followed by centrifugation at 10,000 x g for 1 h to remove insoluble material. 
The urine was filtered through a 0.22 pm bottletop filter (Corning Costar Corp. Cambridge, 

10 MA, USA) and applied to the anti-HYALl column on an F.P.L.C. system (Pharmacia) at 
lml/min. The column was then washed with 5 ml of 2 M NaCl in 1% Triton X-100, 
followed by 0.1 M Na acetate pH 5.0, 0. 1 M NaCl, 50 mM octylglucoside, and finally with 
0.1 M Na citrate, pH 2.7, 0.1 M NaCl, 50 mM octylglucoside. 

Fractions of 1.5 ml collected during the washing procedure were assayed for 

15 hyaluronidase activity using either a classic colorimetric assay (Reissig et al. 1955 J. Biol, 
chem. 217:959-66), the microtiter-based assay of Frost et al. (1997 Anal. Biochem. 251:263- 
9), or HA substrate gel zymography (Guntenhoner et al. 1992 Matrix 12:388-96). All of the 
assays were standardized to the Turbidity Reducing Unit (TRU) with commercial 
hyaluronidase (Sigma Type VI hyaluronidase) as a standard. One TRU of hyaluronidase is 

20 defined as the amount of enzyme that will decrease the turbidity-producing capacity of 0.2 
mg HA to that of 0.1 mg HA in 30 min. at 37°C (Tolksdorf et al. 1949 7. Lab. Clin. Med. 
34:74-89). Protein concentrations were measured with the detergent-compatible Micro BCA 
assay (Pierce, Rockford, DL, USA). Proteins were visualized with the Pharmacia Phast 
system on 12.5% SDS-PAGE gels according to the manufacturers instructions. 

25 Levels of hyaluronidase activity in the pooled unconcentrated urine were 

approximately 4 TRU/ml with a protein concentration of 70 ug/ml. This equates to a total 

4 

amount of activity of 8 x 10 TRU in 20,000 ml at a specific activity of 57 TRU/mg protein. 
This is approximately 100-fold greater than that of human plasma, which has a specific 
activity of 0.6 TRU/mg. All of the hyaluronidase present in urine was bound to the 
30 anti-hpHAse column. No activity was detected in the 2 M NaCl (fractions 12-15, Fig. 1) or 
the pH 4.5 wash (fractions 19-22, Fig. 1). All of the activity eluted as a very sharp peak 
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«> 

during the subsequent pH 2.3 wash (fraction 28, Fig. 1). 62,000 TRU were recovered in this 

• t , 

fraction, which represents a yield of 78 %. 

SDS-PAGE electrophoresis of column fraction 28 demonstrated that urine contains 
five proteins of 90, 57, 45, 28-30, and 14 kDa that bind to the monoclonal antibody. The 90 
5 kDa protein disappeared at lower concentrations, or after reduction with 5% 

P-mercaptoethanol, and was probably a dimer of the 45 kDa activity. The size of the other 
proteins did not change after reduction. Only the 90, 57, and 45 kDa proteins possessed 
hyaluronidase activity on substrate gel zymography. The pattern of activity closely 
resembled that previously reported for rat liver lysosomal hyaluronidase, which consists of a 
10 doublet of activity on HA zymograms (Fiszer-Szafarz 1984 Anal. Biochem. 143:76-81). The 
smaller proteins of 28-30 and 14 kDa did not have hyaluronidase activity on substrate gel 
zymography. These proteins are not found in human plasma and their function is unknown. 

Example 3: Sequence analysis of huHAse 

15 Fractions with hyaluronidase activity were concentrated by precipitation in 100% 

acetone at -20°C overnight and resuspended in 40 \x\ Laemmli buffer (Laemmli 1970 Nature 
227:680-5). The fractions were then separated in a 12% SDS-PAGE gel on a Mighty Small 
II' system (Hoefer Scientific Instruments, San Francisco, CA, USA). After electrophoresis, 
the bands of protein were excised with a scalpel, extracted, and sequenced by Edman 

20 degradation. 

The amino acid sequences obtained from the 57 kDa and 45 kDa isozymes are shown 
in Table 1. Sequence A from both isozymes is identical to that obtained from human plasma 
hyaluronidase (Frost et al. 1997 Biochem Biophys Res. Commim. 236:10-15). The 
sequences did not have significant homology to PH-20. This was not surprising since 
25 hpHAse and PH-20 are not homologous at their N-termini (Frost et al 1 997 Biochem 
Biophys Res. Commun. 236: 10-1 5). The lower molecular weight isozyme contained a 
second sequence (sequence B) that is derived from the last 25 amino acids of the C-terminus 
of hpHAse. This suggests that an internal cleavage had produced a smaller isozyme with 
two N-termini. 
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Table 1: N-terminal amino acid sequences of hpHAse and huHase 



Isozyme • 
(Mol wt.) 


N-terminal amino acid sequence 


57 kDa 


Sequence A: FXGPLLPNRPFTTVWNXNTQW (SEQ ID NO: 10) 


45 kDa 


Sequence A: FXGPLLPNXPFTTVWNA (SEQ ID NO: 1 1) 
Sequence B: VEFKXRXYPGWQAPXXERK (SEQ ID NO: 12) 



Fig. 2 is a schematic showing both the homology of huHAse with murine hyal-1, as 
well as the endoproteolytic cleavage of the hpHAse amino acid sequence to produce the two 
polypeptides of huHAse, hereinafter referred to as Chain A and Chain B. Chain A is 
10 approximately 320 amino acids; Chain B is approximately 20 amino acids. Approximately 
93 amino acids are eliminated form the original hpHAse amino acid sequence of 453 amino 
acids, which includes a signal sequence of approximately 22 amino acids at the N-terminus. 
Fig. 3 illustrates processing of hpHAse to produce Chain A and Chain B of huHAse, which 
are then disulfide linked to produce huHAse. 

15 

Example 4: Characterization of huHase 

Affinity-purified hyaluronidase was diluted 1:500 in 0.1 M citrate-phosphate buffer, 
and activity was measured by the colorimetric and microtiter assays described above 
between pH 2.7 and 7.0. Activity was measured in the presence and absence of 0.1 M NaCl. 
20 As shown in Fig. 4, huHase had a pH optimum of 3.4 in the absence NaCl. The presence of 
0. 1 M NaCl caused an increase in the pH optimum to pH 3.8, and a decrease in overall 
activity. No activity was detected above pH 4.6. 

Example 5: Effect of protease inhibitors on huHAse 

25 Because of the large volume involved in huHAse purification, protease inhibitors 

could not be used. Therefore, the effect of proteases on purified urinary HAse activity was 
tested in order to determine if proteases might have resulted in the production of the lower 
molecular weight urinary hpHAse isozyme, and thus were only artifacts of the purification 
process. 50 ml samples of urine were collected directly onto protease inhibitors (Complete* 

30 protease inhibitor tablets, Boehringer Mannheim, Germany), and concentrated to 2.5 ml on a 
8050 Stirred Ultrafiltration Cell (Amicon) fitted with a YM10 membrane. Assays were then 
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performed as described above. Protease inhibitors did not change the characteristics of the 
urine hyaluronidase, including the appearance of the two isozymes of activity on substrate 
gel zymography. These data show that the lower molecular weight urinary hpHAse isozyme 
is not an artifact by non-specific proteases cleavage in the urine, but rather was likely to 
5 have been processed prior to voiding, probably in the kidney. 

The invention now being fully described, it will be apparent to one of ordinary skill 
in the art that many changes and modifications can be made thereto without departing from 
the spirit or scope of the appended claims. 

10 
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What is claimed is: 

1. An isolated human urinary hyaiuronidase (huHAse). 

2. The huHAse of claim 1 comprising an amino acid sequence of SEQ ID NO:2. 

3. The huHase of claim 1 comprising an amino acid sequence of SEQ ID NO:4. 

4. An isolated Chain A polypeptide of human urinary hyaiuronidase (huHAse). 

5. The Chain A polypeptide of claim 4 comprising an amino acid sequence of SEQ 
ID NO:2. 



6. A polynucleotide sequence encoding the Chain A polypeptide of claim 4. 

15 

7. The polynucleotide sequence of claim 6 comprising the nucleotide sequence of 
SEQ ID NO: 1 or degenerate variants thereof. 

8. A polynucleotide sequence probe comprising at least 15 contiguous nucleotides of 
20 the polunucleotide sequence of claim 6. 

9. An isolated Chain B polypeptide of human urinary hyaiuronidase (huHAse). 

10. The Chain B polypeptide of claim 9 comprising an amino acid sequence of SEQ 
25 ID NO:4. 

1 1 . A polynucleotide sequence encoding the Chain B polypeptide of claim 9. 

12. The polynucleotide sequence of claim 1 1 comprising the nucleotide sequence of 
30 SEQ ID NO: 3 or degenerate variants thereof. 
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13. A polynucleotide sequence probe comprising at least 15 contiguous nucleotides 
of the polynvcleotide sequence of claim 10. 

14. A recombinant expression vector comprising polynucleotide sequences encoding 
5 a Chain A polypeptide or a Chain B polypeptide. 

15. An isolated recombinant host cell containing the expression vector of claim 14. 

16. A purified antibody that specifically binds a human urinary hyaluronidase 
10 (huHAse), a Chain A polypeptide, or a Chain B polypeptide. 

17. A method of purifying human urine hyaluronidase (huHAse) from a sample, the 
method comprising; 

contacting a sample comprising huHAse with an anti-huHAse antibody, said 
1 5 contacting being for a time sufficient for formation of anti-huHase antibody-huHAse 
complexes; 

isolating huHAse from the complexes. 

18. A formulation for administration of human urine hyaluronidase (huHAse) to a 
20 patient having a condition susceptible to amelioration by administration of huHAse 

comprising: 

a) a therapeutically effective amount of a substantially pure human urine 
hyaluronidase polypeptide; and 

b) a phannaceutically acceptable carrier. 

25 
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19. A method for identifying a polynucleotide homologous to a human urinary 
hyaluronidase polypepti de-encoding polynucleotide, the method comprising the steps of: 

contacting a polynucleotide probe with a test polynucleotide, the probe comprising at 
least 15 contiguous nucleotides of a polynucleotide sequence encoding a Chain A 
5 polypeptide of a human urinary hyaluronidase or a Chain B polypeptide of a human urinary 
hyaluronidase; and 

detecting hybridization of the probe with the test polynucleotide; 

wherein detection of hybridization of the probe to the test polynucleotide indicates 
that the polynucleotide shares sequence homology with a human urinary hyaluronidase- 
1 0 encoding polynucleotide. 
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SEQUENCE LISTING 

GENERAL INFORMATION 

(i) APPLICANT: Stern, Robert 
Csoka, Anthony 
Frost, Gregory I. 
Wong, Tim M. 

(ii) TITLE OF THE INVENTION: Purification and Microsequencing 

of Hylauronidase Isozymes 

(iii) NUMBER OF SEQUENCES: 16 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Bozicevic & Reed, LLP 

(B) STREET: 285 Hamilton Ave, Suite 200 

(C) CITY: Palo Alto 

(D) STATE: CA 

(E) COUNTRY: USA 

(F) ZIP: 94301 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Diskette 

(B) COMPUTER: IBM Compatible 

(C) OPERATING SYSTEM: DOS 

(D) SOFTWARE: FastSEQ for Windows Version 2.0 

(vi> CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 08/987,743 

(B) FILING DATE: 09 Dec 1998 



(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Francis, Carol L 

(B) REGISTRATION NUMBER: 36,513 

(C) REFERENCE /DOCKET NUMBER: 9076-0088WO2 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 650-327-3400 

(B) TELEFAX: 650-327-3231 

(C) TELEX: 



(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 933 base pairs 

(B) TYPE: nucleic acid 
<C) STRANDEDNESS : single 
(D) TOPOLOGY: linear 
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(xr) SEQUENCE DESCRIPTION: SEQ ID NO:l: 
« 

ATGGCAGCCC ACCTGCTTCC CATCTGCGCC CTCTTCCTGA CCTTACTCGA TATGGCCCAA 60 

GGCTTTAGGG GCCCCTTGCT ACCCAACCGG CCCTTCACCA CCGTCTGGAA TGCAAACACC 120 

CAGTGGTGCC TGGAGAGGCA CGGTGTGGAC GTGGATGTCA GTGTCTTCGA TGTGGTAGCC 180 

AACCCAGGGC AGACCTTCCG CGGCCCTGAC ATGACAATTT TCTATAGCTC CCAGCTGGGC 24 0 

ACCTACCCCT ACTACACGCC CACTGGGGAG CCTGTGTTTG GTGGTCTGCC CCAGAATGCC 300 

AGCCTGATTG CCCACCTGGC CCGCACATTC CAGGACATCC TGGCTGCCAT ACCTGCTCCT 360 

GACTTCTCAG GGCTGGCAGT CATCGACTGG GAGGCATGGC GCCCACGCTG GGCCTTCAAC 420 

TGGGACACCA AGGACATTTA CCGGCAGCGC TCACGGGCAC TGGTACAGGC ACAGCACCCT 480 

GATTGGCCAG CTCCTCAGGT GGAGG CAGTA GCCCAGGACC AGTTCCAGGG AGCTGCACGG 54 0 

GCCTGGATGG CAGGCACCCT CCAGCTGGGG CGGGCACTGC GTCCTCGCGG CCTCTGGGGC 600 

TTCTATGGCT TCCCTGACTG CTACAACTAT GACTTTCTAA GCCCCAACTA CACCGGCCAG 660 

TGCCCATCAG GCATCCGTGC CCAAAATGAC CAGCTAGGGT GGCTGTGGGG CCAGAGCCGT 720 

GCCCTCTATC CCAGCATCTA CATGCCCGCA GTGCTGGAGG GCACAGGGAA GTCACAGATG 780 

TATGTGCAAC ACCGTGTGGC CGAGG CATTC CGTGTGGCTG TGGCTGCTGG TGACCCCAAT 84 0 

CTGCCGGTGC TGCCCTATGT CCAGATCTTC TATGACAC G A CAAACCACTT TCTGCCCCTG 900 

GATGAGCTGG AGCACAGCCT GGGGGAGAGT GCG 933 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 311 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 
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Cys 


Tyr 
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Asn 


Tyr 


Asp 


rfie 


Leu. 


oer 




Asn 


Tyr 


i nr 


vj-iy 


bin 


Cys 


Pro 


Ser 


oiy 




210 


ii 








^ J. D 










"3 "3 fi 










lie Arg 


Ala 


oJ. n 


Asn 


Asp 




Leu 




Trp 


Leu 


Trp 


uiy 


uin 


Coy- 


Arg 


225 










t J u 










Z J D 












Ala 


Leu 


Tyr 


Pro 


Cot- 


Tla 
X A c 


Tyr 


Moi- 


Pro 


Mia 


Vdl. 


Leu 


bill 




j nr 






















250 










255 




Lys 


Ser 


Gin 


Met 


Tyr 


val 


Gin 


His 


Arg 


Val 


Ala 


Glu 


Ala 


Phe 


Arg 


Val 








260 










265 










270 






Ala 


Val 


Ala 


Ala 


Gly 


Asp 


Pro 


Asn 


Leu 


Pro 


Val 


Leu 


Pro 


Tyr 


Val 


Gin 






275 










280 










285 








lie 


Phe 


Tyr 


Asp 


Thr 


Thr 


Asn 


His 


Phe 


Leu 


Pro 


Leu 


Asp 


Glu 


Leu 


Glu 




290 










295 










300 










His 


Ser 


Leu 


Gly 


Glu 


Ser 


Ala 





















305 310 



(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 71 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



<xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 

CTGTGGAGTT CAAATGTCGA TGCTACCCTG GCTGGCAGGC ACCGTGGTGT GAGCGGAAGA 60 
GCATGTGGTG A 71 

(2) INFORMATION FOR SEQ ID NO: 4: 

U) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



<xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 

Val Glu Phe Lys Cys Arg Cys Tyr Pro Gly Trp Gin Ala Pro Trp Cys 

1 5 10 15 

Glu Arg Lys Ser Met Trp 
20 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1308 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ix) FEATURE: 

(A) NAME /KEY : Coding Sequence 

(B) LOCATION: 1...1305 
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(D) OTHER INFORMATION: 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

ATG GCA GCC CAC CTG CTT CCC ATC TGC GCC CTC TTC CTG ACC TTA CTC 48 
Met Ala Ala His Leu Leu Pro lie Cys Ala Leu Phe Leu Thr Leu Leu 
15 10 15 

GAT ATG GCC CAA GGC TTT AGG GGC CCC TTG CTA CCC AAC CGG CCC TTC 96 
Asp Met Ala Gin Gly Phe Arg Gly Pro Leu Leu Pro Asn Arg Pro Phe 
20 25 30 

ACC ACC GTC TGG AAT GCA AAC ACC CAG TGG TGC CTG GAG AGG CAC GGT 144 
Thr Thr Val Trp Asn Ala Asn Thr Gin Trp Cys Leu Glu Arg His Gly 
35 40 45 

GTG GAC GTG GAT GTC AGT GTC TTC GAT GTG GTA GCC AAC CCA GGG CAG 192 
Val Asp Val Asp Val Ser Val Phe Asp Val Val Ala Asn Pro Gly Gin 
50 55 60 

ACC TTC CGC GGC CCT GAC ATG ACA ATT TTC TAT AGC TCC CAG CTG GGC 24 0 

Thr Phe Arg Gly Pro Asp Met Thr lie Phe Tyr Ser Ser Gin Leu Gly 
65 70 75 80 

ACC TAC CCC TAC TAC ACG CCC ACT GGG GAG CCT GTG TTT GGT GGT CTG 288 
Thr Tyr Pro Tyr Tyr Thr Pro Thr Gly Glu Pro Val Phe Gly Gly Leu 
85 90 95 

CCC CAG AAT GCC AGC CTG ATT GCC CAC CTG GCC CGC ACA TTC CAG GAC 336 
Pro Gin Asn Ala Ser Leu lie Ala His Leu Ala Arg Thr Phe Gin Asp 
100 105 110 

ATC CTG GCT GCC ATA CCT GCT CCT GAC TTC TCA GGG CTG GCA GTC ATC 384 
lie Leu Ala Ala lie Pro Ala Pro Asp Phe Ser Gly Leu Ala Val He 
115 120 125 

GAC TGG GAG GCA TGG CGC CCA CGC TGG GCC TTC AAC TGG GAC ACC AAG 4 32 

Asp Trp Glu Ala Trp Arg Pro Arg Trp Ala Phe Asn Trp Asp Thr Lys 
130 135 140 

GAC ATT TAC CGG CAG CGC TCA CGG GCA CTG GTA CAG GCA CAG CAC CCT 4 80 

Asp He Tyr Arg Gin Arg Ser Arg Ala Leu Val Gin Ala Gin His Pro 
145 150 155 160 

GAT TGG CCA GCT CCT CAG GTG GAG GCA GTA GCC CAG GAC CAG TTC CAG 528 
Asp Trp Pro Ala Pro Gin Val Glu Ala Val Ala Gin Asp Gin Phe Gin 
165 170 175 

GGA GCT GCA CGG GCC TGG ATG GCA GGC ACC CTC CAG CTG GGG . CGG GCA 576 
Gly Ala Ala Arg Ala Trp Met Ala Gly Thr Leu Gin Leu Gly Arg Ala 
180 185 190 

CTG CGT. CCT CGC GGC CTC TGG GGC TTC TAT GGC TTC CCT GAC TGC TAC 624 
Leu Arg Pro Arg Gly Leu Trp Gly Phe Tyr Gly Phe Pro Asp Cys Tyr 
195 200 205 
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AAC TAT GAC TTT CTA AGC CCC AAC TAC ACC GGC CAG TGC CCA TCA GGC 672 
Asn Tyx Asp Phe Leu Ser Pro Asn Tyr Thr Gly Gin Cys Pro Ser Gly 
210 . 215 220 

ATC CGT GCC CAA AAT GAC CAG CTA GGG TGG CTG TGG GGC CAG AGC CGT 720 
lie Arg Ala Gin Asn Asp Gin Leu Gly Trp Leu Trp Gly Gin Ser Arg 
225 230 235 240 

GCC CTC TAT CCC AGC ATC TAC ATG CCC GCA GTG CTG GAG GGC ACA GGG 768 
Ala Leu Tyr Pro Ser lie Tyr Met Pro Ala Val Leu Glu Gly Thr Gly 
245 250 255 

AAG TCA CAG ATG TAT GTG CAA CAC CGT GTG GCC GAG GCA TTC CGT GTG 816 
Lys Ser Gin Met Tyr Val Gin His Arg Val Ala Glu Ala Phe Arg Val 
260 265 270 

GCT GTG GCT GCT GGT GAC CCC AAT CTG CCG GTG CTG CCC TAT GTC CAG 864 
Ala Val Ala Ala Gly Asp Pro Asn Leu Pro Val Leu Pro Tyr Val Gin 
275 280 285 

ATC TTC TAT GAC ACG ACA AAC CAC TTT CTG CCC CTG GAT GAG CTG GAG 912 
lie Phe Tyr Asp Thr Thr Asn His Phe Leu Pro Leu Asp Glu Leu Glu 
290 295 300 

CAC AGC CTG GGG GAG AGT GCG GCC CAG GGG GCA GCT GGA GTG GTG CTC 960 
His Ser Leu Gly Glu Ser Ala Ala Gin Gly Ala Ala Gly Val Val Leu 
305 310 315 320 

TGG GTG AGC TGG GAA AAT ACA AGA ACC AAG GAA TCA TGT CAG GCC ATC 1008 
Trp Val Ser Trp Glu Asn Thr Arg Thr Lys Glu Ser Cys Gin Ala lie 
325 330 335 

AAG GAG TAT ATG GAC ACT ACA CTG GGG CCC TTC ATC CTG AAC GTG ACC 1056 
Lys Glu Tyr Met Asp Thr Thr Leu Gly Pro Phe lie Leu Asn Val Thr 
340 345 350 

AGT GGG GCC CTT CTC TGC AGT CAA GCC CTG TGC TCC GGC CAT GGC CGC 1104 
Ser Gly Ala Leu Leu Cys Ser Gin Ala Leu Cys Ser Gly His Gly Arg 
355 360 365 

TGT GTC CGC CGC ACC AGC CAC CCC AAA GCC CTC CTC CTC CTT AAC CCT 1152 
Cys Val Arg Arg Thr Ser His Pro Lys Ala Leu Leu Leu Leu Asn Pro 
370 375 380 

GCC AGT TTC TCC ATC CAG CTC ACG CCT GGT GGT GGG CCC CTG AGC CTG 1200 
Ala Ser Phe Ser He Gin Leu Thr Pro Gly Gly Gly Pro Leu Ser Leu 
385 390 395 400 

CGG GGT GCC CTC TCA CTT GAA GAT CAG GCA CAG ATG GCT GTG GAG TTC 1248 
Arg Gly Ala Leu Ser Leu Glu Asp Gin Ala Gin Met Ala Val Glu Phe 
405 410 415 

AAA TGT CGA TGC TAC CCT GGC TGG CAG GCA CCG TGG TGT GAG CGG AAG 1296 
Lys Cys Arg Cys Tyr Pro Gly Trp Gin Ala Pro Trp Cys Glu Arg Lys 
420 425 430 

AGC ATG TGG TGA 1308 
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Ser Met Trp 
435 



(2) INFORMATION FOR SEQ ID NO:6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 435 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 
(v) FRAGMENT TYPE: internal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 



Met 


Ala 


Ala 


His 


Leu 


Leu 


Pro 


He 


Cys 


Ala 


Leu 


Phe Leu 


Thr 


Leu Leu 


1 








5 










10 








15 


Asp 


Met 


Ala 


Gin 


Gly 


Phe 


Arg 


Gly 


Pro 


Leu 


Leu 


Pro Asn Arg 


Pro Phe 








20 










25 








30 




Thr 


Thr 


Val 


Trp 


Asn 


Ala 


Asn 


Thr 


Gin 


Trp 


Cys 


Leu Glu 


Arg 


His Gly 






35 










40 








45 






Val 


Asp 


Val 


Asp 


Val 


Ser 


Val 


Phe 


Asp 


Val 


Val 


Ala Asn 


Pro 


Gly Gin 




50 










55 










60 






Thr 


Phe 


Arg 


Gly 


Pro 


Asp 


Met 


Thr 


He 


Phe 


Tyr 


Ser Ser 


Gin 


Leu Gly 


65 










70 










75 






80 


Thr 


Tyr 


Pro 


Tyr 


Tyr 


Thr 


Pro 


Thr 


Gly 


Glu 


Pro 


Val Phe 


Gly 


Gly Leu 










85 










90 








95 


Pro 


Gin 


Asn 


Ala 


Ser 


Leu 


He 


Ala 


His 


Leu 


Ala 


Arg Thr 


Phe 


Gin Asp 








100 










105 








110 




lie 


Leu 


Ala 


Ala 


He 


Pro 


Ala 


Pro 


Asp 


Phe 


Ser 


Gly Leu Ala 


Val He 






115 










120 








125 






Asp 


Trp 


Glu 


Ala 


Trp 


Arg 


Pro 


Arg 


Trp 


Ala 


Phe 


Asn Trp 


Asp 


Thr Lys 




130 










135 










140 






Asp 


He 


Tyr 


Arg 


Gin 


Arg 


Ser 


Arg 


Ala 


Leu 


Val 


Gin Ala 


Gin 


His Pro 


145 










150 










155 






160 


Asp 


Trp 


Pro 


Ala 


Pro 


Gin 


Val 


Glu 


Ala 


Val 


Ala 


Gin Asp 


Gin 


Phe Gin 










165 










170 








175 


Gly 


Ala 


Ala 


Arg 


Ala 


Trp 


Met 


Ala 


Gly 


Thr 


Leu 


Gin Leu 


Gly 


Arg Ala 








180 










185 








190 




Leu 


Arg 


Pro 


Arg 


Gly 


Leu 


Trp 


Gly 


Phe 


Tyr 


Gly 


Phe Pro 


Asp 


Cys Tyr 






195 










200 








205 






Asn 


Tyr 


Asp 


Phe 


Leu 


Ser 


Pro 


Asn 


Tyr 


Thr 


Gly 


Gin Cys 


Pro 


Ser Gly 




210 










215 










220 






He 


Arg 


Ala 


Gin 


Asn 


Asp 


Gin 


Leu 


Gly 


Trp 


Leu 


Trp Gly Gin 


Ser Arg 


225 










230 










235 






240 


Ala 


Leu 


Tyr 


Pro 


Ser 


He 


Tyr 


Met 


Pro 


Ala 


Val 


Leu Glu Gly 


Thr Gly 










245 










250 








255 


Lys 


Ser 


Gin 


Met 


Tyr 


Val 


Gin 


His 


Arg 


Val 


Ala 


Glu Ala 


Phe 


Arg Val 








260 










265 








270 




Ala 


Val 


Ala 


Ala 


Gly 


Asp 


Pro 


Asn 


Leu 


Pro 


Val 


Leu Pro 


Tyr 


Val Gin 






275 










280 








285 






He 


Phe 


Tyr 


Asp 


Thr 


Thr 


Asn 


His 


Phe 


Leu 


Pro 


Leu Asp 


Glu 


Leu Glu 




290 










295 










300 






His 


Ser 


Leu 


Gly 


Glu 


Ser 


Ala 


Ala 


Gin 


Gly Ala 


Ala Gly Val 


Val Leu 



305 310 315 320 
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Trp 

»■ 


val 


Ser 


Trp 


r* i * » 
U1U 


Asn 


j nr 


Arg 


i nr 


.bys 




Ser 


/-"V 

Lys 


Gin 


Ala 


lie 




•? 














330 














Lys 


^Glu 


Tyr 


Mo t- 

340 


Asp 


Thr 


i in 


Leu 


oiy 
345 


Pro 


Phe 


Tie 

ij.e 


Leu 


Asn 
350 


-17— -I 

vai 


l nr 


Ser 


Gly 


Til a 

Ala 
355 


Leu 


Leu 


Cys 


Ser 


uin 
360 


j\x a 


Leu 


Cys 


Ser 


uiy 
365 


rliS 


bay 


Arg 


Cys 


val 
370 


Arg 


Arg 


inr 




HIS 

375 


Pro 


Lys 


Ala 


Leu 


Leu 
380 


Leu 


Leu 


Asn 


Pro 


Ala 


Ser 


Phe 


Ser 


lie 


Gin 


Leu 


Thr 


Pro 


Gly Gly 


Gly 


Pro 


Leu 


Ser 


Leu 


385 










390 










395 










400 


Arg 


Gly 


Ala 


Leu 


Ser 
405 


Leu 


Glu 


Asp 


Gin 


Ala 
410 


Gin 


Met 


Ala 


Val 


Glu 
415 


Phe 


Lys 


Cys 


Arg 


Cys 
420 


Tyr 


Pro 


Gly 


Trp 


Gin 
425 


Ala 


Pro 


Trp 


Cys 


Glu 
430 


Arg 


Lys 


Ser 


Met 


Trp 
435 





























(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 
<A) LENGTH: 44 9 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 



Met 


Lys 


Pro 


Phe 


Ser 


Pro 


Glu 


Val 


Ser 


Pro Gly Ser Ser Pro 


Ala 


Thr 


1 








5 










10 






15 




Ala. 


Gly 


His 


Leu 


Leu 


Arg 


He 


Ser 


Thr 


Leu 


Phe 


Leu Thr Leu 


Leu 


Glu 








20 










25 






30 






Leu 


Ala 


Gin 


Val 


Cys 


Arg 


Gly 


Ser 


Val 


Val 


Ser 


Asn Arg Pro 


Phe 


He 






35 










40 








45 






Thr 


Val 


Trp 


Asn 


Gly 


Asp 


Thr 


His 


Trp 


Cys 


Leu 


Thr Glu Tyr 


Gly Val 




50 










55 










60 






Asp 


Val 


Asp 


Val 


Ser 


Val 


Phe 


Asp 


Val 


Val 


Ala 


Asn Lys Glu 


Gin 


Ser 


65 










70 










75 






80 


Phe 


Gin 


Gly 


Ser 


Asn 


Met 


Thr 


He 


Phe 


Tyr Arg Glu Glu Leu Gly Thr 










85 










90 






95 




Tyr 


Pro 


Tyr 


Tyr 


Thr 


Pro 


Thr 


Gly Glu 


Pro 


Val 


Phe Gly Gly Leu 


Pro 








100 










105 






110 






Gin 


Asn 


Ala 


Ser 


Leu 


Val 


Thr 


His 


Leu 


Ala 


His 


Thr Phe Gin 


Asp 


He 






115 










120 








125 






Lys 


Ala 


Ala 


Met 


Pro 


Glu 


Pro 


Asp 


Phe 


Ser 


Gly 


Leu Ala Val 


He 


Asp 




130 










135 










140 






Trp 


Glu 


Ala 


Trp 


Arg 


Pro 


Arg 


Trp 


Ala 


Phe 


Asn 


Trp Asp Ser 


Lys 


Asp 


145 










150 










155 






160 


He 


Tyr 


Arg 


Gin 


Arg 


Ser 


Met 


Glu 


Leu 


Val 


Gin 


Ala Glu His 


Pro Asp 










165 










170 






175 




Trp 


Pro 


Glu 


Thr 


Leu 


Val 


Glu 


Ala 


Ala 


Ala 


Lys 


Asn Gin Phe 


Gin 


Glu 








180 










185 






190 






Ala 


Ala 


Glu 


Ala 


Trp 


Met 


Ala 


Gly 


Thr 


Leu 


Gin 


Leu Gly Gin Val 


Leu 






195 










200 








205 






Arg 


Pro 


Arg 


Gly 


Leu 


Trp 


Gly 


Tyr 


Tyr 


Gly 


Phe 


Pro Asp Cys 


Tyr 


Asn 




210 










215 










220 






Asn Asp 


Phe 


Leu 


Ser 


Leu 


Asn 


Tyr 


Thr 


Arg 


Gin 


Cys Pro Val 


Phe 


Val 
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225 230 235 240 



Arg' Asp Gl*n Asn Asp 


Gin 


Leu 


Glv 


Trn 


Leu 


Tm 


Asn 


Gin 


Ser 


Tyr Ala 






« 




245 










250 










255 




Leu Tyr 


Pro 


Ser 


He 


Tvr 


Leu 


Pro 


Ala 


Ala 


Leu 


Met 


Gly Thr 


O JLU 


Lys 








260 










265 










270 






Ser 


t?±n 


Met 
275 


Tyr 


Val 


Arg 


His 


Arg 

«C O \J 


Val 


Gin 


Glu 


Ala 


Leu 
285 


Arg 


vox 


HI d 


I le 


vai 


Ser Arg Asp 


Pro 


His 


Val 


Pro 


Val 


Met 


Pro Tyr Val 




lie 














<£ j D 










300 










Phe 


Tyr 


Glu 


Met 


Thr 


Asp 


Tyr 


Leu 


Leu 


Pro 


Leu 


Glu 


Glu 


Leu 


bill 


HIS 


3 05 










*ain 




















0 *> n 


Ser 


Leu 


Gly 


Glu 


Ser 


Ala 




\j XJi 


oiy 


va 1 


AI 0 


Gly Ala 


Val 


Leu 


Trp 










325 




















-a 0 c 




Leu 


Ser 


Ser 


Asp 
340 


Lys 


inr 




x nr 


Lys 

34b 


Glu 


Ser 


Cys 


Gin 


Ala 
350 


lie 


Lys 


Ala 


Tyr 


Met 
355 


Asp 


Ser 


inr 


i»eu 


360 


Pro 


Phe 


He 


Val 


Asn 
365 


Val 


Thr 


Ser 


Ala 


Ala 
370 


Leu 


Leu 


Cys 


Ser 


Glu 
375 


Ala 


Leu 


Cys 


Ser 


Gly 
3B0 


His 


Gly 


Arg 


Cys 


Val 


Arg 


His 


Pro 


Ser 


Tyr 


Pro 


Glu 


Ala 


Leu 


Leu 


Thr 


Leu 


Asn 


Pro 


Ala 


385 










390 










395 










400 


Ser 


Phe 


Ser 


He 


Glu 


Leu 


Thr 


His 


Asp 


Gly Arg 


Pro 


Pro 


Ser 


Leu 


Lys 










405 










410 










415 




Gly Thr 


Leu 


Ser 


Leu 


Lys 


Asp 


Arg 


Ala 


Gin 


Met 


Ala 


Met 


Lys 


Phe 


Arg 








420 










425 










430 






Cys 


Arg 


Cys 
435 


Tyr 


Arg 


Gly 


Trp 


Arg 
440 


Gly 


Lys 


Trp 


Cys 


Asp 
445 


Lys 


Arg 


Gly 



Met 



(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 
(A} LENGTH: 21 amino acids 
{ B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8: 

Met Ala Ala His Leu Leu Pro He Cys Ala Leu Phe Leu Thr 

15 10 
Asp Met Ala Gin Gly 
20 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 102 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 



Leu Leu 
15 
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Ala Gin 


Gly Ala 


Ala 


Glv 


Val 


Val 


Leu 


Trp 


Val Ser 


Trp 


Glu 


Asn 


Thr 


1 • 


#■ 


5 










10 








15 




Acq Thr 


Lys Glu 


Ser 


Cvs 


Gin 


Ala 


lie 


Lvs 


Glu Tyr Met 


Asp Thr 


Thr 


20 










25 








30 






Leu Gly 


Pro Phe 
35 


lie 


Leu 


Asn 


Val 
40 


Thr 


Ser 


Gly Ala 


Leu 
45 


Leu 


Cys 


Ser 


bin Hid 


Lcll V- -3 


Ser 


Gly 


His 


Gly 






Val Arg 


Arg 


Thr 


Ser 


His 


50 








55 








60 










Pro Lys 


Ala Leu 


Leu 


Leu 


Leu 


Asn 


Pro 


Ala 


Ser Phe 


Ser 


lie 


Gin 


Leu 


65 






70 










75 








80 


Thr Pro 


Gly Gly 


Gly 
85 


Pro 


Leu 


Ser 


Leu 


Arg 
90 


Gly Ala 


Leu 


Ser 


Leu 
95 


Glu 


Asp Gin 


Ala Gin 
100 


Met 


Ala 





















(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

Phe Xaa Gly Pro Leu Leu Pro Asn Arg Pro Phe Thr Thr Val Trp Asn 

15 10 15 

Xaa Asn Thr Gin Trp 
20 

(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

Phe Xaa Gly Pro Leu Leu Pro Asn Xaa Pro Phe Thr Thr Val Trp Asn 

15 10 15 

Ala 



(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
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Val Glu Phe Lys Xaa Arg Xaa Tyr Pro Gly Trp Gin Ala Pro Xaa Xaa 

1 ' • 5 10 15 

Glu Arg Lys 



(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

Phe Arg Gly Leu Leu Pro 
1 5 

(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION : SEQ ID NO:14: 

Val Glu Phe Lys Xaa Arg 
1 5 

(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 435 amino acids 
<B) TYPE: amino acid 
<C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 



Met 


Ala 


Gly 


His 


Leu 


Leu 


Pro 


He 


Cys 


Ala 


Leu 


Phe 


Leu 


Thr Leu Leu 


1 








5 










10 








15 


Asp 


Met 


Ala 


Gin 


Gly 


Phe 


Arg 


Gly 


Pro 


Leu 


Val 


Pro 


Asn 


Arg Pro Phe 








20 










25 










30 


Thr 


Thr 


val 


Trp 


Asn 


Ala 


Asn 


Thr 


Gin 


Trp 


Cys 


Leu 


Glu 


Arg His Gly 






35 










40 










45 




Val 


Asp 


Val 


Asp 


Val 


Ser 


Val 


Phe 


Asp 


Val 


Val 


Ala 


Asn 


Pro Gly Gin 




50 










55 










60 






Thr 


Phe 


Arg 


Gly 


Pro 


Asp 


Met 


Thr 


He 


Phe 


Tyr 


Ser 


Ser 


Gin Leu Gly 


65 










70 










75 






80 


Thr 


Tyr 


Pro 


Tyr 


Tyr 


Thr 


Pro 


Thr 


Gly 


Glu 


Pro 


Val 


Phe 


Gly Gly Leu 










85 










90 








95 


Pro 


Gin 


Asn 


Ala 


Ser 


Leu 


He 


Ala 


His 


Leu 


Ala 


Arg 


Thr 


Phe Gin Asp 
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100 

Ile'Leu Ala Ala 
115 

Asp *Trp Glu Ala 
130 

Asp lie Tyr Arg 
145 

Asp Trp Pro Ala 

Gly Ala Ala Arg 
180 

Leu Arg Pro Arg 
195 

Asn Tyr Asp Phe 
210 

lie Arg Ala Gin 
225 

Ala Leu Tyr Pro 

Lys Ser Gin Met 
260 

Ala Val Ala Ala 
275 

lie Phe Tyr Asp 
290 

His Ser Leu Gly 
305 

Trp Val Ser Trp 

Lys Glu Tyr Met 
340 

Ser Gly Ala Leu 
355 

Cys Val Arg Arg 
370 

Ala Ser Phe Ser 
385 

Arg Gly Ala Leu 

Lys Cys Arg Cys 
420 

Ser Met Trp 
435 



lie Pro Ala Pro 
120 

Trp Arg Pro Arg 
135 

Gin Arg Ser Arg 
150 

Pro Gin Val Glu 
165 

Ala Trp Met Ala 

Gly Leu Trp Gly 
200 

Leu Ser Pro Asn 
215 

Asn Asp Gin Leu 
230 

Ser lie Tyr Met 
245 

Tyr Val Gin His 

Gly Asp Pro Asn 
280 

Thr Thr Asn His 
295 

Glu Ser Ala Ala 
310 

Glu Asn Thr Arg 
325 

Asp Thr Thr Leu 

Leu Cys Ser Gin 
360 

Thr Ser His Pro 
375 

He Gin Leu Thr 
390 

Ser Leu Glu Asp 
405 

Tyr Pro Gly Trp 



105 

Asp Phe Ser Gly 

Trp Ala Phe Asn 
140 

Ala Leu Val Gin 
155 

Ala Val Ala Gin 
170 

Gly Thr Leu Gin 
185 

Phe Tyr Gly Phe 

Tyr Thr Gly Gin 
220 

Gly Trp Leu Trp 
235 

Pro Ala Val Leu 
250 

Arg Val Ala Glu 
265 

Leu Pro Val Leu 

Phe Leu Pro Leu 
300 

Gin Gly Ala Ala 
315 

Thr Lys Glu Ser 
330 

Gly Pro Phe He 
345 

Ala Leu Cys Ser 

Lys Ala Leu Leu 
38 0 

Pro Gly Gly Gly 
395 

Gin Ala Gin Met 
410 

Gin Ala Pro Trp 
425 



110 

Leu Ala Val He 
125 

Trp Asp Thr Lys 

Ala Gin His Pro 
160 

Asp Gin Phe Gin 
175 

Leu Gly Gly Ala 
190 

Pro Asp Cys Tyr 
205 

Cys Pro Ser Gly 

Gly Gin Ser Arg 
240 

Glu Gly Thr Gly 
255 

Ala Phe Arg Val 
270 

Pro Tyr Val Gin 
285 

Asp Glu Leu Glu 

Gly Val Val Leu 
320 

Cys Gin Ala He 
335 

Leu Asn Val Thr 
350 

Gly His Gly Arg 
365 

Leu Leu Asn Pro 

Pro Leu Ser Leu 
400 

Ala Val Glu Phe 
415 

Cys Glu Arg Lys 
430 



(2) INFORMATION FOR SEQ ID NO: 16: 

<"i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2517 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

TTCCTCCAGG AGTCTCTGGT G C AG CTGGGG TGGAATCTGG CCAGGCCCTG CTTAGGCCCC 60 
CATCCTGGGG TCAGGAAATT TGGAGGATAA GGCCCTTCAG CCCCAAGGTC AGCAGGGACG 120 
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AGCGGGCAGA CTGGCGGGTG TACAGGAGGG CTGGGTTGAC CTGTCCTTGG TCACTGAGGC 180 

CA*I*TGGATCr TCCTCCAGTG GCTGCCAGGA TTTCTGGTGG AAGAGACAGG AAGGCCTCCC 24 0 

CCCCTTGGTC GGGTCAGCCT GGGGGCTGAG GGCCTGGCTG TCAGCCACTC TTCCCAGAAC 300 

ATATGTCATG GCCTCAGTGG CTCATGGGGA AGCAGGGGTG GGCGAGCTTA GGCTAGAGCA 360 

AGTCCTGTGG GAGATGGCAG AGGCCTGGTC TGAGAGGCAA CTCGGATGTG CCCTCCAGTG 420 

GCCATGCTCC CCTCCATGCG TCTCCCCTGC CCTCCTGGAG CCCTGCAGGT CAATGTTTAA 48 0 

CAGAAACCAG AGCAGCGGTG GATTAATGCG CAAGGGCTCA GCCCCCCAGC CCTGAGCAGT 54 0 

GGGGGAATCG GAGACTTTGC AACCTGTTCT CAGCTCTGCC TCCCCTGGGC AGGTTGTCCT 600 

CGACCAGTCC CGTGCCATGG CAGGCCACCT GCTTCCCATC TGCGCCCTCT TCCTGACCTT 66 0 

ACTCGATATG GCCCAAGGCT TTAGGGGCCC CTTGGTACCC AACCGGCCCT TCACCACCGT 72 0 

CTGGAATGCA AACACCCAGT GGTGCCTGGA GAGGCACGGT GTGGACGTGG ATGTCAGTGT 780 

CTTCGATGTG GTAGCCAACC CAGGG CAG AC CTTCCGCGGC CCTGACATGA CAATTTTCTA 84 0 

TAGCTCC CAG CTGGGCACCT ACCCCTACTA CACGCCCACT GGGGAGCCTG TGTTTGGTGG 900 

TCTGCCCCAG AATGCCAGCC TGATTGCCCA CCTGGCCCGC ACATTCCAGG ACATCCTGGC 960 

TGCCATACCT GCTCCTGACT TCTCAGGGCT GG CAG T CATC GACTGGGAGG CATGGCGCCC 102 0 

ACGCTGGGCC TTCAACTGGG ACACCAAGGA CATTTACCGG CAGCGCTCAC GGGCACTGGT 1080 

ACAGGCACAG CACCCTGATT GGCCAGCTCC TCAGGTGGAG GCAGTAGCCC AGGACCAGTT 114 0 

CCAGGGAGCT GCACGGGCCT GGATGGCAGG CACCCTCCAG CTGGGGGGGG CACTGCGTCC 1200 

TCGCGGCCTC TGGGGCTTCT ATGGCTTCCC TGACTGCTAC AACTATGACT TTCTAAGCCC 1260 

CAACTACACC GGCCAGTGCC CATCAGGCAT CCGTGCCCAA AATGACCAGC TAGGGTGGCT 132 0 

GTGGGGCCAG AGCCGTGCCC TCTATCCCAG CATCTACATG CCCGCAGTGC TGGAGGGCAC 138 0 

AGGGAAGTCA CAGATGTATG TGCAACACCG TGTGGCCGAG GCATTCCGTG TGGCTGTGGC 144 0 

TGCTGGTGAC CCCAATCTGC CGGTGCTGCC CTATGTCCAG ATCTTCTATG ACACGACAAA 1500 

CCACTTTCTG CCCCTGGATG AGCTGGAGCA CAGCCTGGGG GAGAGTGCGG CCCAGGGGGC 156 0 

AGCTGGAGTG GTGCTCTGGG TGAGCTGGGA AAATACAAGA ACCAAGGAAT CATGTCAGGC 162 0 

CATCAAGGAG TATATGGACA CTACACTGGG GCCCTTCATC CTGAACGTGA CCAGTGGGGC 168 0 

CCTTCTCTGC AGTCAAGCCC TGTGCTCCGG CCATGGCCGC TGTGTCCGCC GCACCAGCCA 174 0 

CCCCAAAGCC CTCCTCCTCC TTAACCCTGC CAGTTTCTCC ATCCAGCTCA CGCCTGGTGG 1800 

TGGCCCCCTG AGCCTGCGGG GTGCCCTCTC ACTTGAAGAT CAGGCACAGA TGGCTGTGGA 186 0 

GTTCAAATGT CGATGCTACC CTGGCTGGCA GGCACCGTGG TGTGAGCGGA AGAGCATGTG 192 0 

GTGATTGGCC ACACACTGAG TTGCACATAT TGAGAACCTA ATGCACTCTG GGTCTGGCCA 1980 

GGGCTTCCTC AAATACATGC ACAGT CATAC AAGTCATGGT CACAGTAAAG AGTACACTCA 2 04 0 

GCCACTGTCA CAGGCATATT CCCTGCACAC ACATGCATAC TTACAGACTG GAATAGTGGC 2100 

ATAAGGAGTT AGAACCACAG CAGACACCAT TCATTCCTGC TCCATATGCA TCTACTTGGC 2160 

AAGGTCATAG ACAATTCCTC CAGAGACACT GAG CCAGTCT TTGAACTGCA GCAATCACAA 2220 

AGGCTGACAT TCACTGAGTG CCTACTCTTT GCCAATCCCC GTGCTAAGCG TTTTATGTGG 2280 

ACTTATTCAT TCCTCACAAT GAGGCTATGA GGAAACTGAG TCACTCACAT TGAGAGTAAG 234 0 

CACGTTGCCC AAGGTTGCAC AGCAAGAAAA GGGAGAAGTT GAGATTCAAA CCCAGGCTGT 2400 

CTAGCTCCGG GGGTAC AG CC CTTGCACTCC TACTG AG TTT GTGGTAACCA GCCCTGCACG 2460 

ACCCCTGAAT CTGCTGAGAG GCACCAGTCC AGCAAATAAA GCAGTCATGA TTTACTT 2517 
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